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h i g h l i g h t s
� Overall survival is better in younger than in older women epithelial ovarian cancer.
� Distribution of tumour characteristics differs between age groups.
� Effects of tumour characteristics on survival depend on age.
� Survival rates as reported are useful to personalise counselling on prognosis.
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a b s t r a c t

Objective: Optimizing the counselling of women �40 years with epithelial ovarian cancer (EOC) by
investigating the role of young age and tumour characteristics on overall survival (OS).

Methods: A retrospective population-based study was done using data of EOC patients diagnosed
between 1990 and 2014 registered in the Netherlands Cancer Registry. Descriptive statistics were per-
formed to analyse clinical and tumour characteristics. Five- and 10-year OS rates were calculated using
Kaplan Meier curves. To determine prognostic factors, univariable and multivariable survival analyses
were performed.

Results: 1407 women �40 years and 29,022 women >40 years old were included. OS was higher for
the younger women compared to older group (5-year survival of 65.6% vs. 32.7%, 10-year survival of
57.5% vs. 22.5%, respectively). The younger women had more often a mucinous (36.4%), well-
differentiated (31.8%) tumour in early stage of disease (49.9%). Serous tumours (43.0%), high-grade
(36.0%) and stage III (47.1%) were most frequently found in the older women. Histology, grade, stage,
incidence year, and age group are independent prognostic factors for survival. OS of the young women
for several combinations of tumour characteristics were calculated.

Conclusions: Age is an independent prognostic factor for OS in EOC patients. Counselling on prog-
nosis could be more individualised in young EOC patients using the tumour characteristics histology,
stage and grade.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Epithelial ovarian cancer (EOC) is the most lethal gynaecological
malignancy worldwide [1]. EOC is a collective term for carcinomas
of the ovary, peritoneum, and the fallopian tube. These carcinomas
are considered one entity because they are presumed to arise from
epithelial cells with the same embryological Mullerian origin [2,3].
Lifetime risk of EOC is around 1.3% in the general population of
dical Center, Dept. of Obstet-
jmegen, the Netherlands.
(M.G. Harmsen).
western countries [4,5]. In general, patients face a poor prognosis
due to the fact that they often have an advanced stage of disease at
diagnosis. Five-year survival for stage I is 90%, and 13e18% for stage
IV [1,4]. The current standard treatment of presumed early-stage
EOC is surgical staging. In case of upstaging, adjuvant treatment
with six cycles of chemotherapy (paclitaxel/carboplatin) is recom-
mended. For advanced stage EOC, a debulking procedure in com-
bination with chemotherapy is standard treatment. The peak
incidence is seen at 65 to 70 years [4,6], and only a small group of
women is diagnosed under 40 years of age. Younger women have
better overall survival (OS) compared to older women, with the
biggest benefit for women diagnosed under 30 years of age [7,8].
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Several differences in clinical and tumour features have been
observed between women �40 years with EOC compared to
women over 40 years of age. The tumour in younger women is
more frequently well-differentiated and diagnosed at an early
stage. Also, mucinous and endometrioid histological types aremore
common [7,9]. All aforementioned studies on age as a prognostic
factor in EOC included small groups of patients and are hospital-
based studies, and therefor vulnerable to selection bias. Clinical
and histological differences are known to influence prognosis and
should therefore be taken into account in counselling of young
patients with EOC, thereby creating better patient-centred and
personalized care.

The aim of the current population-based study is to gain insight
in the effect of (combinations of) tumour characteristics on OS in
EOC patients of 40 years and younger by analysing a nationwide
population. These data can be used to optimally inform this specific
patient group about their prospects on survival, even before being
treated.

2. Patients and methods

2.1. Study population

Data from the Netherlands Cancer Registry (Dutch: IKNL) were
used. This database contains information on all patients with can-
cer in the Netherlands, is connected to the nationwide network and
registry of histo- and cytopathology (PALGA) and has had nation-
wide coverage since 1989. Patients diagnosed with ovarian, pri-
mary peritoneal, and fallopian tube carcinomas were included. The
last update of vital status was obtained from the municipal per-
sonal records database on February 1st, 2016. To create a minimal
follow-up of 2 years at the time of this research, patients diagnosed
between 1990 and 2014 were included. Data of patients with non-
epithelial ovarian cancer, with low malignant potential tumours,
with probable ovarian metastases instead of primary EOC and cases
without pathological confirmation of ovarian cancer were
excluded. The few tumours of undifferentiated gradewere included
in the grade 3 group, because undifferentiated tumours are mostly
poorly differentiated. Two age subgroups were created: women of
40 years and younger, and women older than 40 years.

2.2. Outcomes

The primary outcome of interest was the effect of age on OS. The
secondary outcomes of interest were the clinical and tumour
characteristics of womenwith EOC and their effect on OS, stratified
per age group. These characteristics were: FIGO stage [10], tumour
grade (according to Silverberg) [11], histology (WHO-classification)
[12], and incidence year.

Treatment could not be included as a potential prognostic factor,
because the Dutch Cancer Registry did not register details of per-
formed surgeries in the included incidence years (type of surgery,
outcome), nor details of chemotherapy given (type, number of
cycles).

2.3. Statistical analysis

Kaplan-Meier curves were used to demonstrate 5- and 10-year
OS for both age groups and a difference in survival was tested for
statistical significance using the log-rank test.

Descriptivestatisticswereperformedto lookatclinical and tumour
characteristics. Differences in characteristics of the two age groups
were tested for statistical significance using the Chi-square test.

To identify age (dichotomised) as a prognostic factor and to
identify prognostic factors for OS in EOC patients within both age
groups, univariable analysis was performed with Cox regression on
continuous variables and with Kaplan-Meier curves and log-rank
methods on categorical variables. Whether a factor had an inde-
pendent effect on OS was calculated bymultivariable analysis using
Cox proportional hazard models with a backward selection pro-
cedure, thereby testing the proportional hazards assumption by
using scaled Schoenfeld residuals.

Furthermore, OS was calculated for both younger and older
patients stratified by several combinations of histology, grade and
stage of disease.

Data were analysed using IBM SPSS Statistics version 22.

3. Results

The database contained a total of 31,364 women diagnosed with
EOC in the Netherlands between 1990 and 2014. Ninety of them did
not have pathologically confirmed ovarian cancer and were there-
fore excluded. Pathological diagnoses that were not unequivocal
EOC were re-evaluated by a pathologist: 106 patients were
excluded because the tumour resembled a metastasis rather than a
primary ovarian tumour, and 709 turned out to be non-epithelial. A
flowchart is shown in Fig. 1. Of all included women (n ¼ 30,429),
1407 women (4.6%) were� 40 years old at diagnosis and 29,022
women (95.4%) were > 40 years old at diagnosis. Patient and
tumour characteristics are demonstrated in Table 1.

OS was significantly higher in the younger age group compared
to the older group (5-year survival of 65.6% vs. 32.7%, 10-year sur-
vival of 57.5% vs. 22.5%, respectively) (Fig. 2).

In the younger women, mucinous (36.4% vs. 9.0%) and other
subtypes including neuroendocrine, small cell and squamous cell
tumours (3.7% vs.1.5%) weremore frequently diagnosed than in the
older group. Serous (43.0% vs. 34.3%) and adenocarcinoma not
otherwise specified (NOS) (32.6% vs. 12.2%) occurred more often in
the older group. The number of adenocarcinoma NOS tumours
decreased over the years in both age groups, probably due to
improved diagnostics and histological classification. Younger
women were more often diagnosed in an early stage of disease:
49.9% in stage I, compared to 20.5% in the older group, whereas
stage III was more frequently diagnosed in the older age group
(47.1% vs. 31.3%). In the younger women, most tumours were well-
differentiated (31.8%) in contrast to the older group, where mainly
high-grade tumours (36.0%) were detected.

Univariate analysis of prognostic factors for survival showed
that histology, stage, grade, incidence year and age subgroup were
statistically significant predictors for OS.

After multivariable analysis, these same factors turned out to be
independent predictors of OS, both in the total population as within
age groups (Table 2). Being�40 years old at diagnosis turned out to
be an independent favourable prognostic factor (p < 0.001). Within
the younger age group, increasing stage had the most dramatic
impact on survival (HR 14.56 95% CI 10.52e20.14 for younger
women with stage IV compared to younger women with stage I
disease). Table 2 is not meant to compare hazard ratios of younger
women to those of older women.

Table 3 shows the 5- and 10- year OS for different combinations
of tumour characteristics for women of 40 years and younger with
EOC. Table 4 shows the 5- and 10-year OS for different combina-
tions of tumour characteristics for women older than 40 years
diagnosedwith EOC.We did not calculate survival for combinations
with less than five people in that subgroup, since those results are
very unreliable. If 5- and 10-year survival outcomes are not
demonstrated despite that subgroup containing five cases or more,
data on follow-up were insufficient to calculate these results.
Younger women showed better OS for almost every combination of
tumour characteristics. When point estimates of OS were higher in
the older group, either differences are very small and/or confidence
intervals are very wide. In women �40 years at diagnosis, the
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Fig. 1. Flowchart of inclusion of patients diagnosed with EOC in the Netherlands between 1990 and 2014.

Table 1
Patient and tumour characteristics for women with EOC.

Age group p-value

�40
(N ¼ 1407)

>40
(N ¼ 29,022)

Age at diagnosis (Median (range)) 35 yr (12
e40 yr)

66 yr (41
e98 yr)

Histological type (N (% in age-group)) <0.001
Serous 482 (34.3%) 12,479 (43.0%)
Mucinous 512 (36.4%) 2600 (9.0%)
Endometrioid 128 (9.1%) 2709 (9.3%)
Clear cell 62 (4.4%) 1328 (4.6%)
NOS 171 (12.2%) 9464 (32.6%)
Other 52 (3.7%)a 442 (1.5%)

Stage (N (% in age group)) <0.001
I 702 (49.9%) 5953 (20.5%)
II 91 (6.5%) 2491 (8.6%)
III 441 (31.3%) 13,677 (47.1%)
IV 110 (7.8%) 3383 (11.7%)
Unknown 63 (4.5%) 3518 (12.1%)

Grade (N (% in age group)) <0.001
1 448 (31.8%) 2553 (8.8%)
2 294 (20.9%) 4909 (16.9%)
3 266 (18.9%) 10,438 (36.0%)
Unknown 399 (28.4%) 11,122 (38.3%)

Abbrevations: NOS not otherwise specified; Other including neuroendocrine, small
cell, squamous cell, mesonefric, undifferentiated, mixed subtypes and Brenner tu-
mours; p-value significance frequencies between age groups by chi square test.

a Due to rounding up the percentiles to one decimal, the total is >100%.

J.C.J. Elzakkers et al. / Gynecologic Oncology 155 (2019) 213e219 215
largest subgroup had a stage I well-differentiatedmucinous tumour
(14.7%, n ¼ 207) with 5- and 10- year OS of 95% and 94%, respec-
tively. One of the best chances of OS was observed for womenwith
a stage I well-differentiated serous tumour (5- and 10-year OS of
Fig. 2. OS in two age groups of women diagnosed with EOC.



Table 2
Multivariate Cox regression for OS of women with EOC.

All ages �40 years old at diagnosis >40 years old at diagnosis

N HRa 95%CI p N HRa 95%CI p N HRa 95%CI p

Histology
Serous 12,961 1 e e 482 1 e e 12,479 1 e e

Mucinous 3112 1.239 1.173e1.310 <0.001 512 2.03 1.160e2.58 <0.001 2600 1.22 1.15e1.29 <0.001
Endometrioid 2837 0.829 0.784e0.876 <0.001 128 1.03 0.72e1.46 0.887 2709 0.82 0.78e0.87 <0.001
Clear cell 1390 0.960 0.889e1.036 0.289 62 1.85 1.23e2.80 0.003 1328 0.93 0.86e1.01 0.076
NOS 9635 1.620 1.572e1.670 <0.001 171 1.79 1.43e2.25 <0.001 9464 1.61 1.57e1.67 <0.001
Other 494 1.011 0.901e1.134 0.855 52 1.50 0.96e2.34 0.074 442 0.98 0.87e1.11 0.786

Stage
I 6655 1 e e 702 1 e e 5953 1 e e

II 2582 1.968 1.846e2.097 <0.001 91 3.74 2.54e5.50 <0.001 2491 1.92 1.80e2.04 <0.001
III 14,118 4.220 4.026e4.423 <0.001 441 9.95 7.69e12.88 <0.001 13,677 4.08 3.89e4.28 <0.001
IV 3493 4.868 4.596e5.157 <0.001 110 14.56 10.52e20.14 <0.001 3383 4.68 4.41e4.96 <0.001
Unknown 3581 4.924 4.655e5.208 <0.001 63 6.07 4.11e8.97 <0.001 3518 4.80 4.53e5.08 <0.001

Grade
1 3001 1 e e 448 1 e e 2553 1 e e

2 5203 1.503 1.408e1.604 <0.001 294 2.57 1.97e3.36 <0.001 4909 1.45 1.35e1.55 <0.001
3 10,704 1.446 1.358e1.539 <0.001 266 2.77 2.12e3.62 <0.001 10,438 1.40 1.31e1.49 <0.001
Unknown 11,521 2.035 1.914e2.165 <0.001 399 1.80 1.38e2.34 <0.001 11,122 2.01 1.88e2.14 <0.001

Incidence year 30,429 0.988 0.986e0.990 <0.001 1407 1.01 0.99e1.02 0.254 29,022 0.99 0.985e0.989 <0.001
Age subgroup

> 40 years 1407 1 e e N/A N/A
� 40 years 29,022 0.495 0.456e0.537 <0.001 N/A N/A

Abbrevations: HR hazard ratio; 95%Cl 95% confidence interval; NOS Not otherwise Specified; N/A Not applicable.
a The higher the hazard ratio, the lower survival.
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98% and 92%, respectively). Poorest OS was observed in stage 3
poorly differentiatedmucinous tumours and adenocarcinomas NOS
(Table 3).

The largest subgroup of the women over 40 years, as shown in
Table 4, had a stage III high-grade serous tumour (11.4%, n ¼ 3316)
with 5- and 10-year OS of 26% and 11%, respectively. The subgroup
with the best prognosis (5- and 10-year OS of 89% and 77%,
respectively) involved women with stage I well-differentiated
endometrioid tumours (Table 4).

4. Discussion

In this nationwide study we found that age� 40 years at diag-
nosis is an independent favourable prognostic factor in EOC pa-
tients. Tumour characteristics and their impact on OS differ
between age groups. Five- and 10-year OS for several subgroups,
defined by combinations of histology, differentiation grade and
stage, are reported for both women diagnosed �40 years and
women older than 40 years. These results can be used to inform
and individualise counselling on prognosis of young EOC patients.

Our findings regarding a better OS for women of 40 years and
younger compared to women older than 40 years are in line with
the study of Sardi et al. [9]. They showed that 10-year OS for women
�40 years was significantly higher than for women >40 years old
(81% and 35%, respectively; P < 0.001). Stage of disease is known to
be the most important prognostic factor in EOC, regardless of age,
which is endorsed by the results of our study. Earlier studies also
showed decreasing survival with higher tumour grade [7,8].

Several smaller studies on EOC in youngwomen have previously
been published. The previously mentioned study by Sardi et al. on
young EOC patients, based on data of 40 patients diagnosed at
40 years or younger, showed similar findings on histology and
tumour grade; young patients had more mucinous tumours (27%),
well-differentiated tumours (67.5%), and were more often diag-
nosed at an early stage (70%) compared to women older than
40 years [9]. Serous histology was found to be the most frequently
occurring histological subtype in three other studies including a
total of 366 women of 45 years and younger [7,8,13]. Two of these
studies failed to show that most young women had early stage
disease and well-differentiated tumours [7,13].
Year of diagnosis appeared to be an independent prognostic
factor. Earlier studies, of which two were performed in the
Netherlands, have already suggested changes in treatment to be
partly responsible for improved survival for women over the years
[14e16]. After reorganisation of care in the late 1990's, an increased
number of surgeries were performed by specialized gynaecologic
oncologists, the number of interval debulkings increased, and the
rate of optimal and complete (interval) debulkings increased.
Altogether, reorganisation of care had a positive influence on sur-
vival [16,17]. Furthermore, OS increased after introduction of
paclitaxel [18,19]. Moreover, changes in (histological) diagnostics
may have improved staging and histological classification of tu-
mours leading to the most appropriate therapy.

An important strength of our study is the nationwide coverage
and inclusion of an extremely large population of young women
with EOC. Use of the Dutch nationwide database gives a good
overview of the tumour characteristics of Dutch EOC patients over a
period of 25 years. Moreover, missing rare tumours is thereby
obviated and the influence of regional differences or differences
between hospitals is excluded. Data on vital status are highly ac-
curate, because of the connection between the Netherlands Cancer
Registry and the municipal personal records database.

The second important strength and new focus of this study is
the demonstration of OS for specific combinations of tumour
characteristics for both women �40 years old and older than
40 years at the time of diagnosis. Different prognostic models have
beenmade for womenwith EOC [20,21], but these models included
women of all ages. Since distinctive differences between women of
�40 years old and older women are found, these prognostic models
are not appropriate for young womenwith EOC. With our findings,
a more personalized survival prediction can be communicated to
women with EOC, based on their actual age, tumour histology,
differentiation grade and stage of disease, even without knowing
the response to chemotherapy or the completeness of cytoreduc-
tive surgery.

One of the limitations of this study is that not all possible
prognostic factors are included in the analyses. Most important, the
Netherlands Cancer Registry did not contain detailed information
on surgery or chemotherapy: factors known to affect survival.
However, the number of chemotherapy cycles and the response to



Table 3
Number of patients and 5- and 10-year OS for combinations of tumour characteristics of women �40 years old at diagnosis with EOC.

Histology

Serous Mucinous Endometroid Clear cell NOS Other

Stage Grade N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI)

1 1 43 98 (85e99) 92 (78e97) 207 95 (91e98) 94 (89e96) 38 95 (80e99) 90 (71e97) <5 e e 20 95 (69e99) 90 (66e97) <5 e e

2 17 81 (53e94) 81 (53e94) 96 83 (73e89) 78 (68e86) 30 93 (75e98) 85 (66e94) 7 71 (26e92) 71 (26e92) 10 80 (41e95) 80 (41e95) <5 e e

3 7 86 (33e98) 69 (21e91) 18 65 (38e82) 57 (30e77) <5 e e 6 80 (20e97) 0 (�) 5 40 (5e75) 20 (1e58) <5 e e

U 34 97 (81e99) 94 (78e98) 93 91 (83e95) 85 (75e91) 8 100 (�) 83 (27e97) 22 95 (71e99) 91 (67e98) 10 70 (33e89) 70 (33e89) 20 95 (69e99) 95 (69e99)
2 1 17 94 (63e99) 94 (63e99) 5 80 (20e97) 53 (7e86) 6 100 (�) 100 (�) <5 e e <5 e e <5 e e

2 <5 e e <5 e e <5 e e <5 e e <5 e e <5 e e

3 6 67 (19e90) 0 (�) <5 e e 8 88 (39e98) 75 (31e93) <5 e e 5 50 (6e84) 0 (�) <5 e e

U 7 86 (33e98) 86 (33e98) <5 e e <5 e e 6 63 (14e89) 31 (1e73) 6 67 (19e90) 67 (19e90) <5 e e

3 1 76 78 (66e86) 63 (50e74) 8 25 (4e56) 25 (4e56) <5 e e <5 e e <5 e e <5 e e

2 54 37 (24e49) 17 (8e29) 16 13 (2�33) 6 (1e25) 10 57 (22e81) 29 (5e60) <5 e e 10 10 (1e36) 0 (�) <5 e e

3 64 37 (25e50) 22 (12e34) 20 15 (4e37) 5 (1�22) 6 25 (1e65) 25 (1e65) 5 27 (1e69) 27 (1e69) 38 17 (1e35) 12 (4e27) 6 33 (5e68) 17 (1e52)
U 61 36 (24e49) 25 (14e37) 17 29 (11e51) 22 (6e44) <5 e e 6 17 (1e52) 17 (1e52) 24 29 (13e48) 25 (10e43) 9 0 (�) e

4 1 9 38 (9e68) 38 (9e68) <5 e e <5 e e <5 e e <5 e e <5 e e

2 16 19 (5e40) 0 (�) <5 e e <5 e e <5 e e <5 e e <5 e e

3 21 21 (7e41) 0 (�) 8 0 (�) e <5 e e <5 e e 8 17 (1e52) 17 (1e52) <5 e e

U 22 34 (15e54) 17 (3e39) <5 e e <5 e e <5 e e 5 20 (1e58) 20 (1e58) <5 e e

U 1 <5 e e <5 e e <5 e e <5 e e <5 e e <5 e e

2 <5 e e <5 e e <5 e e <5 e e <5 e e <5 e e

3 6 50 (11e80) 17 (1e52) <5 e e <5 e e <5 e e 7 29 (4e61) 0 (�) <5 e e

U 11 55 (23e78) 55 (23e78) 8 37 (5e71) 37 (5e71) <5 e e <5 e e 12 42 (17e71) 33 (11e63) <5 e e

Abbreviations: 5 yr 5-year observed survival in %; CI 95% confidence interval in %; 10 yr 10-year observed survival in %; NOS not otherwise specified; Other including neuroendocrine, small cell, squamous cell, mesonefric, un-
differentiated, mixed subtypes and Brenner tumours; U unknown.
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Table 4
Number of patients and 5- and 10-year observed survival for combinations of tumour characteristics of women >40 years old at diagnosis with EOC.

Histology

Serous Mucinous Endometrioid Clear Cell NOS Other

Stage Grade N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI) N 5 yr (CI) 10 yr (CI)

1 1 340 83 (79e87) 70 (64e75) 664 85 (82e87) 74 (70e78) 401 89 (86e92) 77 (72e82) 38 82 (65e91) 71 (53e83) 120 82 (74e88) 70 (61e78) 20 88 (58e97) 77 (41e92)
2 442 75 (70e78) 62 (57e66) 303 79 (73e83) 69 (63e74) 461 82 (78e85) 69 (64e73) 91 74 (63e82) 66 (55e75) 157 69 (61e75) 54 (46e61) 16 63 (32e83) 51 (19e76)
3 513 69 (65e73) 50 (45e55) 83 61 (49e71) 48 (37e59) 219 73 (67e79) 55 (48e62) 132 79 (70e85) 62 (52e71) 251 62 (55e68) 47 (40e53) 44 54 (32e72) 24 (5e49)
U 358 73 (68e77) 57 (51e62) 356 79 (74e83) 67 (62e73) 151 85 (78e90) 72 (64e79) 432 75 (70e79) 66 (61e71) 264 44 (38e50) 34 (28e41) 97 84 (75e90) 66 (54e76)

2 1 82 67 (55e76) 54 (41e64) 39 59 (42e73) 56 (38e70) 77 81 (69e89) 68 (52e80) 6 33 (5e68) e 23 82 (59e93) 73 (50e87) <5 e e

2 192 55 (48e62) 35 (28e43) 43 60 (43e73) 42 (26e57) 157 71 (62e77) 52 (43e61) 16 56 (30e76) 56 (30e76) 95 41 (31e51) 27 (19e37) 6 42 (6e77) 42 (6e77)
3 494 56 (51e61) 38 (33e44) 30 46 (27e62) 29 (13e47) 162 56 (48e63) 42 (33e50) 47 53 (37e67) 41 (25e56) 258 45 (38e51) 31 (25e37) 36 41 (17e64) 31 (9e56)
U 221 51 (44e57) 37 (30e43) 52 47 (33e60) 37 (22e51) 60 67 (53e78) 50 (35e64) 128 54 (45e63) 50 (40e59) 253 14 (10e19) 8 (5e12) 12 58 (27e80) 47 (17e72)

3 1 292 47 (41e53) 31 (26e38) 137 33 (16e30) 13 (8e20) 46 57 (41e71) 36 (21e52) <5 e e 80 13 (6e21) 7(3e14) <5 e e

2 1243 25 (22e27) 11 (2e9) 179 11 (7e17) 5 (2e9) 217 36 (30e43) 26 (20�33) 35 31 (16e46) 18 (7e34) 563 14 (11e17) 6 (4e9) 8 50 (15e77) 50 (15e77)
3 3316 26 (24e27) 11 (10�12) 183 16 (11�22) 8 (4e12) 414 33 (29e38) 17 (13�21) 97 17 (10e25) 14 (7e22) 1832 17 (15e18) 8 (7e9) 82 36 (19e53) 21 (7e39)
U 2081 20 (18e21) 9 (8e11) 250 9 (6e13) 6 (3�10) 137 29 (21e37) 16 (10e24) 198 16 (11e22) 14 (9e20) 2233 7 (6e8) 3 (2e4) 49 25 (14e39) 16 (6e29)

4 1 51 28 (16e42) 19 (8e33) 22 11 (2�30) e 8 0 (�) e <5 e e 7 0 (�) e <5 e e

2 226 17 (12�22) 7 (4e11) 51 10 (4e20) e 30 25 (11e42) 14 (5e30) 5 0 (�) e 88 7 (3e14) 6 (2�13) <5 e e

3 869 18 (15e21) 8 (6e11) 46 5 (1e14) 2 (0.2e10) 81 11 (5e20) 9 (3e17) 20 18 (5e38) 12 (2�31) 387 13 (10e16) 3 (1e6) 26 0 (�) e

U 705 11 (8e14) 3 (1e5) 55 11 (4e21) 5 (1e15) 29 16 (5e33) 5 (0.4e21) 48 13 (5e25) e 613 8 (6e11) 3 (2e6) 14 21 (5e45) 11 (8e35)
U 1 43 42 (27e56) 19 (8e32) 16 69 (40e86) 69 (40e86) 5 60 (13e88) 60 (13e88) <5 e e 23 35 (17e54) 22 (8e40) <5 e e

2 156 14 (9e20) 8 (4e13) 15 36 (13e59) 21 (5e45) 13 31 (10e55) 23 (6e47) <5 e e 99 11 (6e18) 8 (4e14) <5 e e

3 377 19 (15e23) 10 (7e14) 14 14 (2e37) 7 (0.5e28) 18 41 (19e63) 24 (7e45) <5 e e 396 19 (15e23) 13 (9e16) 9 33 (1e78) e

U 478 14 (11e18) 5 (3e8) 62 22 (12�33) 11 (4e21) 23 57 (34e74) 39 (20e58) 25 24 (10e42) 24 (10e42) 1722 5 (4e7) 2 (2e3) 16 56 (30e76) 38 (15e60)

Abbreviations: 5 yr 5-year observed survival in %; CI 95% confidence interval in %; 10 yr 10-year observed survival in %; NOS not otherwise specified; Other including neuroendocrine, small cell, squamous cell, mesonefric, un-
differentiated, mixed subtypes and Brenner tumours; U unknown.
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chemotherapy will be unclear at the time of counselling (shortly
after diagnosis) in most cases, making it less relevant to take
chemotherapy into account for counselling purposes. Furthermore,
outcome of cytoreductive surgery might also be unknown at the
time of counselling, since neoadjuvant chemotherapy and interval
surgery has become the treatment of choice for an increasing
proportion of EOC patients over time [22]. To account for the
changes in treatment and diagnostics over time, the year of diag-
nosis is included as prognostic factor in the univariate and multi-
variate analyses. The inability to include therapy as prognostic
factor might have resulted in an overestimation of the difference in
OS between the younger and older age group in our study. Older
patients, especially those who are over 70 years old at time of
diagnosis, are known to receive (combination) therapy less often
and, thereby, show worse overall and relative survival [22].
Nevertheless, significant differences in therapy within the younger
age group are not expected, besides differences in therapy that are
determined by factors we did adjust for: stage, grade or histology.
In terms of other prognostic factors that might be of interest, data
on BRCA1/2 mutation status are lacking [23]. It is known that the
minority of women who underwent DNA analysis because of EOC
diagnosis under 40 years old appear to have a BRCA germline mu-
tation [24].

Another limitation is the amount of missing data in our data-
base. Data in the Netherlands Cancer Registry are retrieved from
hospital records, which are not always complete. However, we
observe a decrease in missing data over the years which is hopeful
for future research.

In this study we set the cut-off point for early-onset EOC at
40 years of age. This is arbitrary, although the same cut-off has been
used in other publications [8,9]. Other studies showed that very
young women (under 30 years old) had even a better survival
compared to women between 31 and 40 years old, and elderly
(over 70 years old) had even worse survival rates compared to
women under 70 years old [7,8]. This might be partially explained
by differences in received therapy, as mentioned earlier in this
section. The influence of age on elderly might disappear if they do
receive optimal treatment [25]. Dividing our database into two age
groups could have influenced the differences in survival and the
impact of age on survival. The databasewas not divided inmore age
subgroups, because the number of patients per group would have
significantly dropped and therefore would have made it more
difficult to generate useful survival data.

In our study, we were not able to determine cause-specific
survival because the Netherlands Cancer Registry does not
contain data on recurrent disease or cause of death. Furthermore,
relative survival ratios, i.e. correcting OS for age-dependent ex-
pected survival, were not calculated. Since expected survival in the
general population would be expected higher in the older group,
their relative survival might be lower. Differences in relative sur-
vival might thus be smaller between age groups than differences in
OS. Nevertheless, we deliberately chose to calculate OS instead of
relative survival, because our aim was to retrieve absolute survival
risks in order to inform patients on their life expectancy. In our
opinion, the exact cause of death would be less interesting to them.

In conclusion, women of 40 years and younger diagnosed with
EOC showed better OS than women diagnosed at older age. In
addition, distribution of tumour characteristics differs between age
groups, and certain characteristics affect survival in a different
manner when present in young women compared to older women.
These findings emphasize the importance of counselling young
women differently thanwomen over 40 years old. Younger women
should be counselled more favourable from the beginning about
their chances to survive than older women, even without taking
treatment and treatment outcomes into account.
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