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• In the past decade patterns of care for ovarian cancer patients have changed.
• High volume hospitals achieve the best cytoreductive outcomes.
• The majority of Dutch ovarian cancer patients receive neo-adjuvant chemotherapy.
• Surgical outcomes and overall survival have improved within the past ten years.
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Objectives.Objectives of this study were to evaluate the effect of changes in patterns of care, for example cen-
tralization and treatment sequence, on surgical outcome and survival in patients with epithelial ovarian cancer
(EOC).

Methods. Patients diagnosed with FIGO stage IIB-IV EOC (2004–2013) were selected from the Netherlands
Cancer Registry. Primary outcomes were surgical outcome (extent of macroscopic residual tumor after surgery)
and overall survival. Changes in treatment sequence (primary debulking surgery and adjuvant chemotherapy
(PDS + ACT) or neo-adjuvant chemotherapy and interval debulking surgery (NACT + IDS)), hospital type and
annual hospital volume were also evaluated.

Results. Patient and tumor characteristics of 7987 patientswere retrieved.Most patientswere diagnosedwith
stage III-IV EOC. The average annual case-load per hospital increased from 8 to 28. More patients received an op-
timal cytoreduction (tumor residue ≤ 1 cm) in 2013 (87%) compared to 2004 (55%, p b 0.001). Complete
cytoreduction (no macroscopic residual tumor), registered since 2010, increased from 42% to 52% (2010 and
2013, respectively, p b 0.001). Optimal/complete cytoreduction was achieved in 85% in high volume (≥20
cytoreductive surgeries annually), 80% in medium (10–19 surgeries) and 71% in small hospitals (b10 surgeries,
p b 0.001). Within a selection of patients with advanced stage disease that underwent surgery the proportion of
patients undergoing NACT+ IDS increased from 28% (2004) to 71% (2013). Between 2004 and 2013 a 3% annual
reduction in risk of death was observed (HR 0.97, p b 0.001).

Conclusion. Changes in pattern of care for patients with EOC in the Netherlands have led to improvement in
surgical outcome and survival.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Epithelial ovarian cancer is the leading cause of death in gynecolog-
ical malignancies [1], and the seventh most common cancer in women
worldwide [2]. In 2013 there were over 1200 new cases and around
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1000 deaths as a result of ovarian cancer in theNetherlands [3]. Due to a
lack of specific symptoms, the majority of patients presents with ad-
vanced stage disease, resulting in a poor prognosis. Current treatment
of advanced stage ovarian cancer consists of a combination of
platinum-based chemotherapy and cytoreductive surgery.

In the past decade, changes in the organization of care for patients
with ovarian cancer have been implemented in the Netherlands. Tradi-
tionally, patients were staged and treated in the hospital of diagnosis.
Consequently, b20% of ovarian cancer patients were treated in special-
ized hospitals between 1996 and 2003 [4]. Over the past decade increas-
ing evidence has shown that complete cytoreduction is strongly
correlated with improved disease free and overall survival, and that
the likelihood of achieving this is higher when cytoreductive surgery
is performed by a specialized gynecologic oncologist in a high-volume
hospital [5–14]. These insights emphasized the need for improved re-
gional collaboration and a larger ovarian cancer case load for a smaller
number of hospitals and practitioners [9–11]. Centralization initiatives
undertaken by the Dutch Society of Obstetrics and Gynecology resulted
in a nationwide consensus in 2011. Additionally, national standards for
general and specialized cancer care were compiled. An important crite-
rion in these national standards is that surgical cytoreduction for ovar-
ian cancer should only be performed by specialized gynecologic
oncologists in institutions in which aminimum of 20 cytoreductive sur-
geries take place annually.

Increasing awareness of the importance of achieving complete
cytoreduction has led to alterations in the therapy regimen for patients
with advanced ovarian cancer [5–8,13]. Administration of neoadjuvant
chemotherapy to reduce tumor load and increase the chance of achiev-
ing complete cytoreduction was introduced after the publication of the
EORTC-NCIC trial in 2010 [15]. Comparison of standard therapy (pri-
mary debulking surgery followed by adjuvant chemotherapy
(PDS + ACT)) with the alternative regimen (neoadjuvant chemother-
apy followed by interval debulking surgery (NACT + IDS)) demon-
strated equal progression free and overall survival chances [15–22].
Additionally, reduced per- and postoperative complications following
NACT + IDS were demonstrated [16–22]. In several other publications,
not being randomized controlled trials, less favorable outcomes such as
inferior overall survival and increased toxicity due to chemotherapy,
were depicted [23–25]. Despite these variations in outcome however,
the proportion of ovarian cancer patients treated with NACT + IDS
has increased in recent years [16,18,20,26].

The aim of the current studywas to evaluatewhether the changes in
pattern of care for ovarian cancer patients, which have taken place in
the Netherlands in the past decade, have led to improved surgical out-
come and survival.

2. Materials and methods

2.1. Data collection

Population-based data were retrieved from the Netherlands Cancer
Registry (NCR), which is maintained by the Netherlands Comprehen-
sive Cancer Organization. The NCR contains data of all cancer patients
in the Netherlands, and relies on notifications of newly diagnosed ma-
lignancies from the automated nationwide pathology archive. Trained
medical registrars use standardized forms to collect patient information
frommedical records and the national registry of hospital discharge di-
agnoses. Information regarding vital status and date of death is obtained
through Statistics Netherlands, an agency responsible for the official
Dutch statistics. Regular consistency checks are performed to ensure
the quality of data in the NCR.

2.2. Patients

Data from all consecutive patients diagnosed with FIGO stage IIB–IV
ovarian cancer between January 1st 2004 and January 1st 2014 in the

Netherlands were retrieved. In total, 452 patients were excluded from
analysis. These patients underwent unilateral or bilateral salpingo-
oophorectomy (BSO) or hysterectomy with BSO only, and were ex-
cluded from analysis as these could not be classified as having had an at-
tempt to achieve maximal cytoreduction, and patients that underwent
staging only. Patient-, tumor- and treatment characteristics of 7987 pa-
tients were retrieved. Surgery performedwithin 9months of the date of
diagnosis was considered related to ovarian cancer.

To avoid understaging of patients undergoing neoadjuvant chemo-
therapy, determination of the stage of diseasewas dependent on the se-
quence of received treatments. Stage of disease was determined using
the pathological TNM stage for patients who underwent PDS + ACT.
For patients receiving NACT+ IDS, stage of disease was determined be-
fore initiation of primary therapy and was based on the clinical TNM
stage. After careful consideration and consultation by an experienced
pathologist it was decided to view serous and adenocarcinoma not oth-
erwise specified (NOS) subtypes as one entity.

2.3. Hospitals

Hospitals were categorized into three groups: academic hospitals,
specialized hospitals, and general hospitals. Academic hospitals are ter-
tiary referral hospitals that deliver highly specialized care, and are re-
lated to a university. Specialized hospitals are teaching hospitals that
are not related to a university. General hospitals are non-teaching hos-
pitals and are usually smaller than specialized hospitals. Hospital vol-
ume was defined as the average annual number of cytoreductive
surgeries performed for ovarian cancer between 2004 and 2013. Annual
volumes of 1–3 cytoreductive surgerieswere considered to be incidents,
and were not included in the volume-analysis.

2.4. Outcomes

Primary outcomes were surgical outcome and overall survival. Dur-
ing the study period several alterations in definitions of cytoreductive
outcome occurredwithin the NCR registration (Table 1). The term com-
plete cytoreduction was introduced in the NCR in 2009 and fully imple-
mented by 2010. Comparison of complete cytoreductive outcomes is
therefore only possible between 2010 and 2013. To allow comparison
of outcomes within the whole study period (2004–2013), optimal and
complete results of cytoreductive surgery were compiled into one vari-
able. Treatment sequence (PDS + ACT or NACT + IDS), type of treat-
ment hospital and annual number of cytoreductive surgeries per
hospital were also evaluated.

Within the selection of patients fulfilling all in- and exclusion
criteria, patients in whom ovarian cancer was detected by coincidence
without an attempt to remove macroscopic tumor tissue, and patients
who underwent surgery that was not further specified, were all catego-
rized as having received incomplete cytoreduction.

2.5. Data analysis

Data analysis was performed using STATA data analysis and statisti-
cal software (StataCorp, College Station, TX). Comparison between un-
paired groups was done using the chi2 test. Overall survival was used
as primary survival outcome measure, and estimated using Kaplan
Meier analyses. To correct for possible confounders such as age, stage,
type of tumor, grade and treatment sequence, multivariable survival
analyses were performed using Cox regression. Year of diagnosis was
entered into these analyses as a continuous variable. To avoid immortal
time bias when comparing survival rates between the patients that re-
ceived PDS and the patients that received NACT-IDS, conditional sur-
vival analysis was used. It was assumed that all patients underwent
cytoreductive surgery and the first 3 chemotherapy cycles within
6 months after diagnosis. Thus, survival analyses were performed with
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a landmark at 6months. Differenceswere considered statistically signif-
icant at p b 0.05.

3. Results

Data from 7987 patients were retrieved for this study. Clinicopatho-
logical characteristics are shown in Table 2. Within the study-
population, most patients were diagnosed with stage IIIC (60%) and se-
rous type (86%) ovarian cancer. Primary cytoreductive surgery was the
most frequently chosen therapeutic regimen. Overall, 73% of patients
underwent surgery and 27% did not. The proportion of patients that
did not undergo surgery increased from 21% in 2004 to 32% in 2013.
Of the patientswhodid not receive surgery, 52% underwent chemother-
apy, 5% had hormonal therapy or other palliative treatment, and in 43%
further treatment was unknown or not indicated. In general, patients
that did not receive surgery were older than those who did receive sur-
gical treatment (75 years and 63 years respectively, p b 0.001, data not
shown). Between 2004 and 2013, the average age of patients increased
from 65 years (95% CI 64–65) to 68 years (95% CI 67–69).

The number of hospitals performing cytoreductive surgery for ovar-
ian cancer patients decreased from 90 hospitals in 2004 to 34 hospitals
in 2013. As a consequence, the average annual caseload per hospital in-
creased from 8 cases in 2004 to 28 cases in 2013. In total, 15 out of the

34 hospitals (44%) involved in cytoreductive surgery for ovarian cancer
in 2013 met theminimal requirement of 20 cytoreductive surgeries per
hospital per year (data not shown).

3.1. Surgical outcomes

Within the study period an increase in the amount of complete/op-
timal cytoreductions was achieved: 55% in 2004 compared to 87% in
2013 (p b 0.001 with test for trend, fig. 1). Between 2010 and 2013 an
increase in the rate of complete cytoreduction was seen from 42% to
52% (p b 0.001, data not shown). Patients in whom a complete
cytoreduction was achieved, had a favorable survival compared to
those who underwent an optimal or incomplete cytoreduction (data
not shown).

A correlation was found between hospital volume and the number
of patients who underwent a complete cytoreduction. Hospitals with
an annual volume of ≥20 cytoreductive surgeries achieved better
cytoreductive outcomes than hospitals with annual volumes of 10–19
and b10 surgeries. Complete/optimal cytoreduction was achieved in
85%, 80% and 71% respectively (p b 0.001, Fig. S1). Between 2010 and
2013, complete cytoreductionwas achieved in 57%, 45% and 44% in hos-
pitals that performed N20, 10–19 and b10 cytoreductive surgeries an-
nually (p b 0.001). Hospitals that performed ≥30 cytoreductive
surgeries annually attained more complete cytoreductions compared
to those that performed 20–29 cytoreductive surgeries (59% and 50% re-
spectively between 2010 and 2013) (p = 0.003, data not shown).

In hospitals that performed ≥20 cytoreductive surgeries annually, an
optimal/complete cytoreduction was achieved in 69% of patients in
2004, compared to 89% in 2013. Likewise, in hospitals with an annual
volume of b10 cytoreductive surgeries, optimal/complete
cytoreduction was achieved in 43% of patients in 2004, compared to
83% in 2013. An unfavorable survival was found in patients that were
treated in hospitals with an annual volume of b10 cytoreductions, com-
pared to hospitalswith an annual volume of 10–19or ≥20 cytoreductive
surgeries (data not shown).

Academic hospitals achieved better surgical outcomes than special-
ized and general hospitals. Complete/optimal cytoreduction was
achieved in 84%, 79% and 71% respectively (p b 0.001 with chi2 test,
Fig. S2). Between 2010 and 2013, complete cytoreduction was achieved
in 53%, 48% and 42% respectively (p = 0.002, data not shown). There

Table 1
Definitions utilized by the Netherlands Cancer Registry for outcome of cytoreductive surgery.

Term Definition in 2004–2006 Definition in 2007–2009 Definition in 2010 onwards

Incomplete Residual tumor N 2 cm Residual tumor N 1 cm Residual tumor N 1 cm
Optimal Residual tumor ≤ 2 cm Residual tumor ≤ 1 cm Residual tumor ≤ 1 cm
Complete – – No macroscopic residual tumor

Table 2
Clinicopathological characteristics of total patient population.

Total (n = 7987)

n %

FIGO stage
IIB 306 4
IIC 332 4
IIIA 210 2
IIIB 534 7
IIIC 4769 60
IV 1836 23

Type of tumor
Serous 6856 86
Mucinous 281 4
Endometrioid 432 5
Clear cell 222 3
Other 196 2

Grade
I 304 4
II 889 11
III 3004 38
Anaplastic 38 0
Undefined 3752 47

Treatment
Surgery 5870 73

PDS + ACT 3004 51
NACT + IDS 2635 45
PDS + ACT + IDS 231 4

No surgery 2117 27

Age at diagnosis (years)
Mean (range) 66 (20–97)

Adenoca NOS: adenocarcinoma not otherwise specified, PDS: primary debulking surgery,
ACT: adjuvant chemotherapy, NACT: neoadjuvant chemotherapy, and IDS: interval
debulking surgery. Fig. 1. Surgical outcome between 2004 and 2013.
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were no differences in the number of patients with FIGO stage IIIC or IV
between the three hospital types (p = 0.227, data not shown).

In patients with advanced stage disease who received NACT+ IDS a
complete/optimal cytoreduction was reached in 81%, compared to 69%
in patients who received PDS + ACT (p b 0.001, Fig. 2). Between 2010
and 2013, 47% of patients with advanced stage disease that underwent
NACT + IDS received a complete cytoreduction versus 43% of patients
that underwent PDS + ACT (p = 0.028). In patients receiving IDS
after initial PDS + ACT surgical outcome was poor (data not shown).
PDS + ACT followed by IDS is not part of standard therapy for patients
with ovarian cancer in the Netherlands, as illustrated by the small num-
ber of patients involved (Table 2). Patients who underwent
PDS + ACT + IDS were generally younger and more frequently diag-
nosedwith high stage serous ovarian cancer than thosewhounderwent
standard PDS + ACT therapy (data not shown).

3.2. Survival

Within the group of patients diagnosed with stage IIB-IV ovarian
cancer, a small improvement in five year overall survival was demon-
strated between patients diagnosed in 2004–2006 (24%) and 2010–

2013 (25%, HR 0.91, 95% CI 0.84–0.99, p = 0.031). One year overall sur-
vival increased from 82% (95% CI 0.78–0.85) in 2004 to 90% (95% CI 87–
92, p b 0.001) in 2013 (p b 0.001). Additionally, a 2% annual reduction in
risk of deathwas demonstrated between 2004 and 2013 (HR 0.983, 95%
CI 0. 970–0.995, p=0.007, univariable analysis). Multivariable analysis,
correcting for age, stage, type of tumor and grade, demonstrated a 3%
annual reduction in risk of death (HR 0.974, 95% CI 0.962–0.987,
p b 0.001, Table 3).

3.3. Treatment regimens

A total of 5870patients underwent cytoreductive surgery for ovarian
cancer in the Netherlands between 2004 and 2013. Within this
timeframe, the proportion of patients receiving PDS + ACT decreased
considerably, whereas the proportion of patients receiving
NACT + IDS showed a steady increase (Fig. 3). Patients receiving
NACT + IDS were more frequently diagnosed with advanced stage
and serous disease compared to patients receiving PDS + ACT
(p b 0.001 in both cases, data not shown). Within the selection of pa-
tients with advanced stage disease (FIGO IIIC–IV) who underwent com-
plete/optimal cytoreduction, patients receiving PDS+ACT had a 5-year
overall survival of 39% (95% CI 36–42) compared to 26% (95% CI 23–28)
in those receiving NACT + IDS.

The treatment sequence of NACT followed by interval debulking sur-
gery was introduced earlier in academic hospitals compared to special-
ized and general hospitals. In 2004, 38% of patients treated in academic
hospitals received NACT+ IDS compared to 20% in specialized and 21%
in general hospitals. By 2013 all hospital types routinely performed
NACT+ IDS (64%, 59% and 63% of patients treated in academic, special-
ized and general hospitals, respectively).

4. Discussion

To our knowledge, this is the largest population-based study analyz-
ing the changes in pattern of care for ovarian cancer patients within the
past decade. A unique feature of the current study is that within the
study period all patients were treated with the standard first line plati-
num based chemotherapy. We observed an increase in the rate of com-
plete/optimal cytoreduction and simultaneously a small decrease in
annual risk of death.

Improvement in surgical outcomes may be related to the organiza-
tional changes that have been implemented during recent years. Imple-
mentation of national standards has enforced regional collaboration and
the presence of specialized gynecologic oncologists during
cytoreductive surgeries. Both of these factors are associated with favor-
able surgical outcomes and survival [9–11,14]. Furthermore, rapid im-
plementation of new guidelines and the presence of specialized
personnel and state of the art facilities in high volume and specialized

Fig. 2. Surgical outcome per treatment sequence between 2004 and 2013. PDS: primary
debulking surgery, ACT: adjuvant chemotherapy, NACT: neoadjuvant chemotherapy,
and IDS: interval debulking surgery.

Table 3
Multivariate analysis of overall survival between 2004 and 2013.

HR 95% CI p-Value

Year of diagnosis 0.974 0.962 0.987 b0.001
Age 1.020 1.017 1.023 b0.001
Stage

IIB Ref Ref Ref Ref
IIC 1.275 0.959 1.700 0.094
IIIA 2.456 1.832 3.292 b0.001
IIIB 2.325 1.819 2.971 b0.001
IIIC 3.348 2.702 4.149 b0.001
IV 4.503 3.611 5.616 b0.001

Grade
I Ref Ref Ref Ref
II 1.480 1.220 1.795 b0.001
III 1.412 1.177 1.695 b0.001
Anaplastic 1.883 1.096 3.233 0.022
Unknown 1.414 1.175 1.701 b0.001

Type of tumor
Serous Ref Ref Ref Ref
Mucinous 2.083 1.770 2.451 b0.001
Endometrioid 0.882 0.766 1.015 0.081
Clearcell 1.392 1.162 1.667 b0.001
Undefined 1.246 0.946 1.641 0.118

PDS: primary debulking surgery, ACT: adjuvant chemotherapy, NACT: neoadjuvant che-
motherapy, and IDS: interval debulking surgery.

Fig. 3. Choice of treatment between 2004 and 2013. PDS: primary debulking surgery, ACT:
adjuvant chemotherapy, NACT: neoadjuvant chemotherapy, and IDS: interval debulking
surgery.

527F.A. Eggink et al. / Gynecologic Oncology 141 (2016) 524–530



hospitals contribute strongly to the high standards of care within these
institutions.

Our results demonstrate an association between the type and vol-
ume of treatment hospital and the outcome of cytoreductive surgery.
Although surgical outcomes improved in both low and high volume
hospitals between 2004 and 2013, hospitals that met the volume re-
quirements (≥20 surgeries annually) attained better surgical outcomes
than hospitals with lower annual volumes.

Furthermore, academic hospitals and specialized hospitals reported
better cytoreductive outcomes than general hospitals. In 2013, 44% of
the hospitals that performed cytoreductive surgeries for ovarian cancer
in the Netherlands met the annual volume requirements of ≥20
cytoreductive surgeries. Considering the association between high an-
nual surgical volumes, centralization of care and improvement of surgi-
cal outcomes, stricter implementation of national standards is deemed
essential.

An unfavorable survival was found in patients that were treated in
hospitals with an annual volume of b10 cytoreductive surgeries, com-
pared to hospitalswith an annual volumeof 10–19 or ≥20 cytoreductive
surgeries. Analysis of volume effects on survival may require a longer
follow up time than is currently available. Although centralization ini-
tiatives started in 2005, the official implementation of centralization of
care in the Netherlands took place in 2013.

A previous Dutch study demonstrated that patients undergoing sur-
gery by high volume surgeons (the definition of high volume ranging
between performing N10 and N12 cytoreductive surgeries for ovarian
cancer annually) have lower operative mortality rates. Furthermore,
an association was found between surgery performed by high volume
surgeons and higher rates of adherence to treatment guidelines
[27–30]. Nevertheless, no volume requirements currently exist for indi-
vidual gynecologic oncologists in the Netherlands [10,31].

Besides the changes in the organization of care, alterations in the
therapeutic regimens themselves have contributed to the improvement
seen in surgical outcomes.While the effect of cytoreductive outcome on
survival is undisputed, the timing of cytoreductive surgery has been,
and still is, subject of debate. Our nationwide study depicts the in-
creased implementation of NACT + IDS in the Netherlands during re-
cent years, a trend that was previously described by van Altena et al.
[26]. Though there are no official guidelines, patients deemed unsuit-
able candidates for primary surgery are selected for NACT + IDS to
downstage the tumor, facilitate subsequent cytoreduction and reduce
damage to surrounding tissue. Women receiving NACT + IDS are
often older, havemore comorbidity and generally have tumors of higher
grade and stage [32]. A complete/optimal cytoreductionwas achieved in
81% of women with advanced stage disease who received NACT + IDS,
compared to 69% of those who underwent PDS + ACT.

Favorable surgical outcomes following NACT+ IDS were previously
reported in a randomized clinical trial by Vergote et al., in which resid-
ual tumor of ≤1 cmwas achieved in 81%with IDS and 42%with PDS [15].
Similarly, a Cochrane review reported favorable cytoreductive outcome
in the NACT + IDS group compared to the PDS + ACT group (RR 2.56;
95% CI 2.00–3.28) [21].

In the current study 27% of patients did not undergo any
cytoreductive surgery. This is consistent with similar data from the
Dutch population between 1996 and 2004 [26]. Furthermore, a recent
analysis of 9491 stage III/IV ovarian cancer patients in the population-
based Surveillance, Epidemiology and End Results (SEER)-database
from the United States, also showed that 27% of patients did not un-
dergo surgery. [33]. It may be expected that the proportion of patients
that is unable to undergo cytoreductive surgery will rise as the age of
patients with ovarian cancer slowly increases.

Within the current study, a minority (4%) of patients received IDS
after initial PDS+ACT. It has previously beendemonstrated that the ad-
dition of secondary cytoreductive surgery to postoperative platinum-
based chemotherapy does not improve survival in patients with a resid-
ual tumor exceeding 1 cm after having a maximal effort during primary

debulking surgery, supporting the fact that this regimen is not standard
practice in the Netherlands [34].

Within our retrospectively selected study population, patients who
underwent PDS + ACT had favorable survival outcomes compared to
patients who underwent NACT + IDS. Patients were selected for
NACT + IDS based on initial unfavorable prognostic characteristics
such as advanced stage disease and severe comorbidity. The unfavor-
able long term survival seen in patients who underwent NACT + IDS
is therefore most likely a reflection of the selection bias within this ret-
rospective study. This biasmay readily explain the fact that our findings
greatly differ from the results of two large randomized controlled trials
(EORTC-NCIC and CHORUS) in which non inferiority of survival follow-
ing NACT + IDS was demonstrated [15,22]. Importantly, the EORTC-
NCIC trial has been criticized for the short median survival rates (29–
30 months) and the disappointing surgical outcomes (optimal
cytoreduction was achieved in only 42% of patients randomized to
PDS + ACT) that were reported.

Of note, patients were categorized in the NACT + IDS group under
the condition that IDS was performed, implying that they must have
survived the NACT. For patients categorized as PDS+ACT, no such con-
ditions were in place. As this may have led to an immortal time bias, a
landmark analysis was used as described above.

A small but significant improvement in five-year overall survival
was demonstrated between the periods 2004–2006 and 2010–2013,
and one year overall survival increased from 82% to 90% between
2004 and 2013. Furthermore, the decrease in annual risk of death, as
demonstrated in the current study, remained significant when
correcting for, stage, type of tumor and grade, suggesting that other fac-
tors than these played a role in this association. The increasing propor-
tion of complete cytoreductions attained within recent years is thought
to be an important factor for the improved survival, but centralization
may have played an important role as well [6–8,13].

The fact that we observed an improvement in five-year survival is
encouraging, as previous survival analyses failed to show improvement.
A study by van Altena et al. on the influence of regional collaboration in
treatment for ovarian cancer in the Netherlands did not show a signifi-
cant improvement in five-year overall survival rates between 1996
(36%) and 2010 (39%) [9]. Similarly, the CONCORD-2 study estimated
stable five-year net survival rates in the Netherlands between 1995–
1999 (39%), 2000–2004 (37%) and 2005–2009 (38%) [35]. The
EUROCARE-5 study recently published survival data from ovarian can-
cer patients in individual European countries between 1999 and 2007.
Within that period, five-year net survival of Dutch patientswith ovarian
cancer was 39.9 (95% CI 38.7–41.1) [36]. Survival in the CONCORD-2-
study and EUROCARE-5 study was adjusted for background mortality
by age, sex, and calendar year. Importantly, survival rates in the current
study are lower than those reported by Van Altena et al. and in the
CONCORD-2 and EUROCARE-5 studies due to inclusion of patients
with early stage ovarian cancer in those studies.

The importance of reaching an optimal or complete cytoreduction
has become increasingly evident. Chang and colleagues demonstrated
a 2.3-month increase in cohort median survival time for each 10% in-
crease in patients that received a complete cytoreduction as compared
to a 1.8-month improvement for each 10% increase in patients that re-
ceived an optimal cytoreduction [8]. Additionally, a recent analysis of
GOG 182 showed a significant improvement in survival between opti-
mal cytoreduction and complete cytoreduction (progression free sur-
vival of 15 versus 29 months, and overall survival of 41 and
77 months, respectively, p = 0.01 for both) [13]. It is important to
note that as a relatively short follow-up was available for patients diag-
nosed within the most recent years of our study, the effects of the
changes implemented in recent years may not have been fully
appreciated.

The retrospective nature of this study has some inevitable limita-
tions. First of all, this study was based on data from the NCR, and thus
relies on the data that are available in this registration. In this database
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no information was registered about the specific chemotherapy regi-
mens that were used. As national guidelines regarding chemotherapy
for EOC patients did not change within the study period, we assume
all patients were treated with the same standard first line platinum
based chemotherapy. However, we cannot exclude that there may
have been some minor variations in chemotherapy regimens.

Our study also relies on the accuracy of the NCR. Patient registration
in theNCR is performedby trained anddedicated registrars and the data
are regularly checked to ensure optimal quality of the database. It is im-
portant to note that registrars depend on the integrity of information
available in local medical records. Nonetheless, the NCR is currently
the most reliable nationwide source of information on cancer patients
in the Netherlands.

Furthermore, the comparison of cytoreductive results is complicated
by variation in definitions used worldwide. During the study period
changes also occurred within the definitions used for registration in
the NCR (Table 1). Complete cytoreduction was registered from 2010
onward. Compilation of complete and optimal cytoreductive outcomes
enabled comparison throughout the study period, though changes
within optimal cytoreduction that occurred within this timeframe
were not taken into account.

Finally, the nature of the study precludes the determination of the
individual contribution of factors such as centralization and changes in
therapy regimes on the improvement in survival.

In conclusion, in this study, regarding 7987 patients diagnosed with
ovarian cancer FIGO stage IIB and higher, changes in pattern of care for
ovarian cancer patients between2004 and 2013were evaluated. A com-
bination of centralization initiatives and changes in therapy regimens
has led to improvements in surgical outcome and survival. Continuing
centralization of oncological care and implementation of stricter guide-
lines may lead to further improvement of survival for patients with
ovarian cancer in the Netherlands.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygyno.2016.04.012.
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