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SUMMARY 

Chapter 1 provided a general introduction and described the aim and outline of this 
thesis. Our objectives were threefold: to evaluate aspects of treatment strategies in 
ovarian cancer that are currently used in every day practice; to develop models to tailor 
treatment and post-treatment strategies to individual patient characteristics; and to 
identify the best diagnostic strategy for various types of ovarian cancer to allow for the 
optimal treatment.

The research in the first part (Part I) of this thesis focused on improving the primary and 
adjuvant treatment of patients with a granulosa cell tumor (GCT) of the ovary.

In Chapter 2 we evaluated the indication for a hysterectomy in patients with a newly 
diagnosed GCT, through determining the incidence of endometrial abnormalities at the 
time of diagnosis and in the follow-up. We performed a large population-based cohort 
study. In total, we included 1031 patients registered with a GCT in the PALGA database, 
the Dutch nationwide network and registry of histopathology and cytopathology, 
between 1991 and 2012. The estimated incidence of GCTs in the Netherlands was 0.61 
per 100.000 women per year. In 58 patients (5.9%) concurrent endometrial cancer was 
found at the time of diagnosis of GCT and endometrial hyperplasia was found in 251 
patients (25.5%). Long-term follow-up of 490 patients (47.5%) without a hysterectomy as 
part of their primary treatment showed that endometrial cancer was found in 2 patients 
(0.4%) and endometrial hyperplasia in 8 patients (1.6%). We conclude that the risk of 
endometrial abnormalities in a retained uterus after salpingo-oophorectomy for GCT 
is very low. Therefore, hysterectomy in the treatment of GCTs in patients with a normal 
endometrium at the time of diagnosis does not seem justified.  

In Chapter 3 we developed and internally validated a prognostic model to predict 
recurrence free survival after primary treatment in patients with an adult GCT of the 
ovary. We identified 127 patients with a GCT that were treated within the Center for 
Gynecologic Oncology Amsterdam (CGOA), between 1962 and 2013. We used a Cox 
proportional hazards model to perform univariable and multivariable analyses. With 
backward stepwise selection we determined the combination of predictors that best 
predicted recurrence free survival. A model with clinical stage, Body Mass Index (BMI), 
diameter of the tumor and mitotic index of the tumor best predicted recurrence free 
survival, with a c-statistic of 0.73 (95% CI 0.66-0.80) and accurate calibration. We 
introduced a nomogram that facilitates clinical applicability of the model. 
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Chapter 4 assessed the effectiveness of chemotherapy in terms of response rates, in the 
treatment of GCTs. We included 27 chemotherapy-naïve patients in 3 referral hospitals 
who were treated with chemotherapy for residual or recurrent inoperable GCT between 
1968 and 2011. Eighteen patients were not evaluable because of the following reasons: 
no measurable disease, no imaging performed before and/or after chemotherapy. The 
response rate of the 9 evaluable patients was 22% (95% CI 0-49%). One patient had a 
complete response and one patient had a partial response. All other patients had stable 
disease (range, 2-50 months). Our literature search showed a response rate of 50% (95% 
CI 44-57%) in 15 studies describing 224 patients with chemotherapy for measurable 
disease. However, strict criteria for response were not uniformly applied in the majority 
of the published series.

In Chapter 5, the existing literature on hormonal treatment in patients with an ovarian 
GCT up to January 2014 was systematically reviewed. Studies that evaluated the response 
to hormone therapy in patients with a GCT were included. The available evidence was 
largely limited to prospective and retrospective case series and case reports only. A 
total of 19 studies were found with 31 eligible patients, receiving 38 evaluable hormone 
treatments. The pooled objective response rate to hormone therapy was 71.0% (95% 
CI 52-85%); complete response in 8 out of 31 patients (25.8%) and a partial response 
in 14 patients (45.2%). Median progression free survival after hormone therapy was 18 
months (range, 0-60 months). Different response rates were demonstrated for various 
hormone therapies. We found that aromatase inhibitors most frequently led to a 
response in patients with a GCT, 5 complete responses and 4 partial responses, with an 
objective response rate of 100%. We were unable to make justified recommendations, 
due to the lack of large series or prospective trials. It was necessary to determine the 
response rate to hormone therapy in a larger cohort of patients with a GCT rather than 
in case series and case reports only. Therefore, Chapter 6 provides an evaluation of 
response to hormone therapy in a consecutive series of patients treated in the Center for 
Gynecologic Oncology Amsterdam. In this study we reported the results of 22 patients 
that had measurable disease at the start of their treatment. One patient (4.5%) had a 
complete and three patients (14%) had a partial response, hence the pooled objective 
response rate to hormone therapy was 18% (95% CI 6-41%). The administered hormone 
therapies for the responders were megestrol acetate (2 patients), medroxyprogesterone 
acetate and tamoxifen. Median progression free survival after hormone therapy was 10 
months (range, 2-53 months).

Chapter 7 outlined the preferable diagnostic strategy for GCTs in current practice. 
We combined histopathological review by expert gynecopathologists with 
immunohistochemistry for several markers and FOXL2 mutation status. We collected 
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79 primary tumor samples of 127 patients that were initially diagnosed with an adult 
GCT. We collected clinicopathological characteristics, revised histomorphological 
features such as mitotic index of the tumor and performed immunohistochemical 
staining on these samples. Moreover we assessed the presence of a FOXL2 mutation, 
which could be evaluated in 77/79 samples (97%). The original diagnosis was revised 
to other diagnoses in 15 out of the 77 samples (19%) after combining histomorphology, 
immunohistochemistry and the FOXL2 mutation status.  Sixty out of 62 (97%) confirmed 
adult GCT had a FOXL2 mutation, while none of the tumors with a revised other diagnosis 
did. We concluded that the diagnosis of GCT is still challenging, and can only be confirmed 
after thorough histopathological review in combination with immunohistochemistry and 
molecular assessment for FOXL2 mutational status. 

The second part (Part II) of this thesis focused on improving the treatment of epithelial 
ovarian cancer; primary debulking surgery followed by chemotherapy versus neoadjuvant 
chemotherapy followed by interval debulking surgery and postsurgical chemotherapy.

In Chapter 8 we described which patients with advanced stage ovarian cancer benefit 
most from different treatment strategies. We performed an exploratory analysis of 
the European Organization for Research and Treatment of Cancer 55971 randomized 
trial, in which 670 patients were randomly assigned to primary surgery or neoadjuvant 
chemotherapy. Using Subpopulation Treatment Effect Pattern Plots (STEPP), we 
investigated whether biomarkers that consisted of baseline characteristics of advanced 
stage ovarian cancer patients could help in identifying subgroups of patients who would 
benefit more from one of the treatment strategies. In terms of five-year survival, the 
size of the largest metastatic tumor and clinical stage were significantly associated 
with the magnitude of the benefit from treatment (p for interaction: 0.008 and 0.016, 
respectively). Although survival was comparable after primary surgery and neoadjuvant 
chemotherapy in the overall group of patients in the randomized trial, we found in our 
exploratory analysis that stage IIIC patients with metastatic tumors of up to 45 mm 
benefited more from primary surgery while stage IV patients with metastatic tumors of 
more than 45 mm benefited more from neoadjuvant chemotherapy in terms of survival. 
Both treatment options led to comparable survival rates for patients who did not meet 
these criteria. 

Finally, in Chapter 9 we presented the rationale and design of our study ‘Laparoscopy 
to predict the result of primary debulking surgery in advanced Ovarian Cancer patients’; 
the LapOvCa trial. The aim of this study is to assess whether adding a laparoscopy to the 
diagnostic work-up of patients suspected of ovarian cancer may prevent unsuccessful 
primary debulking surgery. The study concerns a multicenter randomized controlled 
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trial, including all gynecologic oncology centers in the Netherlands, and their affiliated 
hospitals. Eligible patients, planned for primary debulking surgery after conventional 
staging, are randomized between direct primary debulking surgery or an additional 
diagnostic laparoscopy. Primary debulking surgery or neoadjuvant chemotherapy will 
follow, depending on the results of the laparoscopy. Eventually, the primary outcome 
measure will be the proportion of futile primary debulking surgeries in the group 
of patients receiving primary debulking surgery versus the group of patients that 
underwent an additional laparoscopy. Although the diagnostic laparoscopy to select 
patients for primary debulking or neoadjuvant chemotherapy is already implemented in 
many countries, we will have to await the results of this multicenter randomized trial to 
provide evidence on its effectiveness.

GENERAL DISCUSSION

Today, while death rates for other women’s cancers – like breast cancer – have decreased 
dramatically in recent years, the death rate for ovarian cancer has remained unchanged 
for more than 50 years. The estimated incidence in the Unites States alone was already 
21.980 for 2014, of whom 14.270 women were estimated to die from the disease in the 
same year.1 These numbers urge the need for improving the outcome after treatment 
of ovarian cancer patients and high quality research therefore should remain a priority.

Below, we discuss the main findings in this thesis and the implications for clinical practice 
and future research in the management of ovarian cancer. This discussion follows the 
outline of this thesis based on the two different parts of the thesis.

Granulosa cell tumors

Evaluation of aspects of treatment strategies that are currently used in every day practice
Evidence-based medicine, defined by Guyatt in 1992 as ‘the integration of individual 
clinical expertise with the best available external evidence from systematic research’, is 
considered to be one of the cornerstones of decision making in current clinical medicine.2 
Ideally, evidence is derived from studies with high levels of evidence. Because of the 
rarity of granulosa cell tumors (GCTs), evidence deducted from, for example, randomized 
controlled trials and large cohort studies is lacking. Therefore, the optimal treatment is 
still arguable. 

The initial management of GCT is ambiguous. International European Society for Medical 
Oncology (ESMO) guidelines describe the preferred initial surgical management. The 
society recommends conservative surgery with unilateral salpingo-oophorectomy for 
young women, and abdominal hysterectomy and bilateral salpingo-oophorectomy with 
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surgical staging for postmenopausal women, patients with advanced stage disease and 
with bilateral ovarian involvement.3 In contrast, Dutch guidelines recommend surgical 
removal of the tumor only.4 

There is an association of GCTs with the development of endometrial hyperplasia and 
cancer, which is thought to be due to the prolonged exposure of the endometrium to 
tumor-derived estradiol. We assessed the rate of endometrial cancer in a group with 
and without subsequent removal of the uterus in GCT patients and concluded that the 
risk of endometrial abnormalities in a retained uterus after salpingo-oophorectomy 
for GCT is very low.5 We judge that endometrial evaluation, by ultrasound or sampling, 
should be performed routinely at the time of diagnosis of GCT, as endometrial lesions 
are frequently observed. However, if no endometrial abnormalities are found at the time 
of GCT diagnosis, hysterectomy, unlike currently stated in guidelines, does not seem 
justified.  

No standard adjuvant regimen for advanced primary or recurrent disease has been 
defined to date. Chemotherapy in the treatment of GCTs has been the subject of 
debate for decades.6 Platinum-based chemotherapy is commonly used.7 Despite many 
studies claiming favorable survival results after chemotherapy, we found that it was 
poorly reported, with response rates not measured according to strict guidelines.8 We 
hypothesize that the cause of the observed low response rate for this treatment in our 
study, compared to other studies, is due to the overly optimistic reporting of others. We, 
unlike many others, used well-defined and objective criteria for response. Furthermore, 
as we reported 6 chemotherapy related deaths in 164 patients (3.7%), we believe that 
administering this treatment should be a well-considered decision, balancing the benefit 
against the possible serious side effects. 

There is a need for less-toxic and more effective treatment modalities. As GCTs generally 
express steroid hormone receptors,9 a rationale exists for the use of hormonal therapy. 
However, we found that clinical experience with this approach was extremely limited. 
Although our systematic review showed promising results with an objective response 
rate to hormone therapy of 71.0%, these should be interpreted with caution, considering 
the limitations of our study such as the lack of large series and prospective trials.10 
Unfortunately we could not confirm this considerable effectiveness in a relatively large 
consecutive series of GCT patients treated with hormone therapy within the Center for 
Gynecologic Oncology Amsterdam.11 We found a response rate of only 18% while other 
case series described response rates of up to 100%.12 It should be noted that studies 
included in our systematic review as well as our retrospective comparison were subject 
to selection bias and other confounders. Nevertheless, in our opinion hormone therapy 
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still holds potential as a more appealing treatment modality than chemotherapy and 
radiotherapy, given the better tolerability and the possibility of administration over 
longer time periods with relatively little cumulative toxicity. It should not be ruled out as 
a potential treatment option until further studies have shown its ineffectiveness, since 
research groups throughout the world continue to publish case reports with beneficial 
outcomes.13 This especially accounts for aromatase inhibitors, since mutated FOXL2 
directly binds and activates the aromatase gene.14 Aromatase inhibitors inhibit the 
action of the enzyme aromatase, which converts androgens into estrogens by a process 
called aromatization. Nearly all adult-type GCTs harbor a somatic mutation in the FOXL2 
gene. It encodes for a transcription factor that is critical for the development of a GCT.15  

Tailored treatment and post-treatment strategies to individual patient characteristics
We provided the first prognostic model to predict recurrence free survival in individual 
patients with an adult GCT.16 This model was required, since others have suggested 
lifelong follow-up even in early-stage GCT, due to its ability to recur after many years.17 A 
more frequent and lifelong follow-up could lead to a lower probability of an irresectable 
tumor recurrence. However, if our model would show a probability of for instance 85% 
for a recurrence free survival of 10 years in a patient, the question arises whether lifelong 
follow-up is absolutely required and in what frequency. The development and internal 
validation of our prognostic model is an important next step towards individual risk 
assessment for recurrence free survival in GCT patients. Our model is easy-to-use and 
can facilitate in informing patients about the future course of their disease and decisions 
on post-treatment surveillance. However, external validation studies and impact studies 
are essential before it can be applied in practice.18, 19

Identification of the best diagnostic strategy to allow for the optimal treatment 
The diagnostic work-up of GCTs remains challenging. Histopathological analysis, 
preferably by an expert gynecologic pathologist, is essential for accurate assessment. 
However, we found that examination of Haematoxylin and Eosin stained slides on its 
own is not sufficient to draw definitive conclusions regarding the correct diagnosis. 
The recently discovered FOXL2 mutation can subsequently aid in the diagnosis of GCT. 
Histomorphology should be combined with immunohistochemistry for several markers 
and molecular assessment for FOXL2 mutational analysis. Since a correct classification 
of the tumor may adjust treatment strategies, we suggest that FOXL2 mutation analysis 
should be integrated into the diagnostic pathological assessment in current practice.20 
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Epithelial ovarian cancer

Tailored treatment and post-treatment strategies to individual patient characteristics
Joe Vincent Meigs, an American obstetrician and gynecologist (1892 - 1963), was the 
first to describe an ovarian tumor debulking in 1934.21 In the absence of effective 
postoperative therapy, the concept did not gain wide acceptance. The first evidence of 
a strong single-agent antitumor effect of chemotherapy was in testicular and ovarian 
cancer, in 1974.22, 23 It was not until these platinum drugs became available for oncologic 
practice, that the value of debulking surgery became apparent. In 1975, Griffiths 
demonstrated an inverse relationship between residual tumor diameter and patient 
survival.24 Primary debulking surgery was established as the treatment of choice after 
multiple studies confirmed this relation.25, 26

Currently, there is a debate whether primary debulking surgery followed by chemotherapy 
or neoadjuvant chemotherapy followed by interval debulking surgery and postsurgical 
chemotherapy should be the standard treatment. A randomized trial by Vergote et al. 
found no difference in overall survival.27 Nonetheless, because we found that by selecting 
patients for specific treatment strategies they can benefit more in terms of survival, 
we suggest that subgroups of patients should be treated in different ways, either with 
primary debulking or neoadjuvant chemotherapy.28 We speculate that possibly other 
tests, such as a diagnostic laparoscopy, could aid in selecting patients for either primary 
debulking surgery or neoadjuvant chemotherapy. We believe that current study is an 
example of a paradigm shift towards more individually tailored therapy in ovarian cancer.

Identification of the best diagnostic strategy to allow for the optimal treatment
Computed Tomography scans are currently used to guide clinical management in patients 
with epithelial ovarian cancer (EOC). However, their accuracy for determining which 
treatment strategy to apply, surgical cytoreduction or neoadjuvant chemotherapy, is not 
enough and it should be used with caution.29, 30 To allow for the optimal treatment of 
patients with EOC, selection is mandatory. An ongoing randomized trial, that investigates 
whether adding a laparoscopy to the diagnostic work-up of patients suspected of ovarian 
cancer might prevent unsuccessful primary debulking surgery, will provide definitive 
answers.31
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Implications for clinical practice and future research

In this thesis, several treatment strategies aimed at improving outcomes in ovarian 
cancer patients were examined, specifically for GCTs and EOC. Overall, we have: 

1. evaluated aspects of treatment strategies in ovarian cancer that are currently used 
in every day practice;

2. developed models to tailor treatment and post-treatment strategies to individual 
patient characteristics; and 

3. aimed to identify the best diagnostic strategy for various types of ovarian cancer to 
allow for the optimal treatment.   

The effectiveness of approximately 50% of all interventions in medicine is unknown.32 
This includes several administered treatment strategies in the management of GCTs. 
With the conduct of studies evaluating surgical, chemotherapeutic and hormonal 
treatment of ovarian GCTs, we aimed to get better informed on the effectiveness of 
these treatment modalities. However, as with many studies, they gave answers to the 
questions asked but also resulted in new questions. For example, if hysterectomy – in 
the absence of endometrial abnormalities – is not necessary in the initial treatment of 
GCTs, is preservation of the contralateral ovary legitimized? Does an objective response 
rate of 22% justify the toxic side effects of chemotherapeutic treatment? Or is hormone 
therapy, although we could not confirm the assuring results from our systematic review, 
still a better treatment option for patients with an advanced or recurrent ovarian GCT?

Recently, a Cochrane review on the effectiveness of different treatment modalities for the 
management of adult GCTs was published. Gurumurthy et al. concluded that they were 
unable to reach any firm conclusions regarding the effectiveness and safety of different 
types and approaches of surgery, as well as adjuvant chemotherapy or radiotherapy, due 
to the limited available evidence.33 

Unfortunately, the evidence provided in this thesis is also insufficient to make strong 
recommendations with regards to preferable treatment strategies in patients with 
GCTs. With regard to the initial treatment, without exceptions, we recommend 
endometrial evaluation before any surgical approach. From our data, it seems justified 
to leave the uterus in situ, depending on complaints of irregular vaginal bleeding and 
on endometrial abnormalities. Concerning the chemotherapeutic regimen, we advise 
to conduct randomized controlled trials. Currently, the Gynecologic Oncology Group 
is conducting a randomized phase 2 trial of bleomycin, etoposide, and cisplatin (BEP) 
versus the combination of paclitaxel and carboplatin for patients with newly diagnosed 
and chemotherapy-naïve recurrent metastatic sex cord-stromal tumors of the ovary.34 
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This trial addresses an important issue, and in our opinion should be followed by a study 
comparing this treatment modality with another, for instance hormone therapy. The 
effectiveness of the latter modality is being studied at present, as well. The PARAGON 
trial, an international phase II study, is investigating the effect of aromatase inhibitors 
in women with potentially hormone-responsive recurrent or metastatic ER and/or PR 
positive gynecological cancers including GCTs, with the clinical benefit rate as primary 
outcome measure.35 If hormone therapy will prove effective, it would be worthwhile to 
compare it with chemotherapy. 

A number of phase II trials are currently ongoing in GCTs or sex-cord stromal cell tumors 
in general; 

• Ketokonazole, an antifungal medicine, is an inhibitor of the enzyme cytochrome P17 
(CYP17). The FOXL2 protein physiologically downregulates cytochrome P17 (CYP17). 
The rational of this study using ketoconazole as potential treatment for GCTs, is 
based on dysregulation that FOXL2 mutations result in the expression of CYP17. This 
could be involved in the development and progression of GCTs. 36, 37 

• Another small trial is assessing the efficacy of orteronel, an antiandrogen, in GCTs.38

• Two studies are evaluating the use of bevacizumab in the treatment of ovarian sex 
cord-stromal tumors.39, 40 Bevacizumab is an angiogenesis inhibitor, and is currently 
administered in various other types of cancer, such as colorectal and lung cancer.41, 42 

The role of novel therapeutics will begin to unfold as further studies will become available 
in stromal ovarian cancers. However, additional larger, prospective, randomized clinical 
trials are needed. Because of the rarity of the disease, these will be accomplished only 
through cooperative groups. International cooperation will increase the efficiency of 
research, due to the faster patient inclusion, and subsequently will lower overall study 
costs. Additionally, the research question can be answered quicker. In our opinion this 
appears to be the only way to come to definitive answers in the treatment of granulosa 
cell tumors.

Despite extensive research worldwide, the optimal treatment strategy for EOC is still 
no foregone conclusion. Our model implies a subdivision of patients to be treated with 
either primary debulking surgery or neoadjuvant chemotherapy. However, similar to 
every other model, it will need external validation before it can be implemented in 
clinical practice. Therefore, trials such as the recently presented Chemotherapy OR 
Upfront Surgery (CHORUS) trial should be analyzed with an identical approach, to assess 
whether we can replicate our findings.43 
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The results of the LapOvCa study will be of great importance in identifying the best 
diagnostic strategy in EOC. The study is currently in the final phase of patient enrollment, 
and its final results are expected in 2015. Either laparoscopy will prove ineffective to 
predict which patients will benefit from primary debulking surgery and which from 
neoadjuvant chemotherapy and intervaldebulking instead - whereas it was already 
implemented in many countries - or it will prove effective. Assuming that laparoscopy will 
prove effective in the diagnostic work-up of ovarian cancer patients, this new diagnostic 
modality will be of great value by selecting patients for the group of patients who do not 
meet the criteria in our model, if this model proves to be robust. In other words, patients 
with a stage IIIC tumor and more extensive disease (more than 45 mm), and patients 
with a stage IV tumor and less extensive disease (up to 45 mm) could be selected for 
either primary debulking or neoadjuvant chemotherapy by means of a diagnostic 
laparoscopy. Obviously, this treatment strategy should be subsequently evaluated after 
implementation.

Overall, while we have attained new knowledge regarding the management of ovarian 
cancer patients, many questions have yet to be answered. The challenge in the future will 
be to ensure that death rates for ovarian cancer will decrease, like in many other cancer 
subtypes. We will have to ascertain that one day the ‘silent lady killer’ will become an 
obsolete description of ovarian cancer.
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