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Introduction and
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Introduction and outline

Introduction
In this thesis, we explore two major aspects of high-grade serous carcinoma (HGSC), the
most common subtype of ovarian cancer. This disease has a poor prognosis and often
recurs, even after initial treatment resulted in complete remission. We aim to lower the
burden of disease associated with HGSC at both ends of the disease timeline; in part
I we study prevention of HGSC and in part II we explore new methods to innovate the
treatment of advanced stage disease. This introduction starts with a brief overview of
the pathophysiological background of HGCS and what is known of its origin. For part I,
we then introduce the opportunistic salpingectomy as a preventive method for HGSC
and discuss what is needed to implement it in daily practice. For part II, we discuss the
variety in disease-free survival and overall survival among patients diagnosed with
advanced stage disease, followed by a description of signal transduction pathways and
a novel method to quantify pathway activity. The chapter ends with an overview of the
aim and outline of this thesis.
High grade serous carcinoma
Although the term ‘ovarian cancer’ may sound like a clear definition, it covers a
wide range of cancers of the ovaries, Fallopian tubes and the peritoneum. Epithelial
ovarian cancer (EOC) is the most common type of ‘ovarian cancer’. Annually, there are
approximately 65,000 new EOC cases in Europe, 1300 to 1400 of which are diagnosed
in the Netherlands.1,2 EOCs are further divided into several subtypes. The most common
subtypes are serous, mucinous, endometrioid and clear cell carcinomas. In this thesis,
we focus predominantly on high grade serous carcinoma (HGSC), which accounts for
approximately 70% of newly diagnosed EOCs. Despite a momentous research effort
to improve survival of HGSC, the overall five-year survival rate remains 30-40% for
advanced stage disease.3 Unfortunately, a vast majority of patients is diagnosed with
advanced stage disease, often due to rapid development, non-specific symptoms
and a lack of effective screening methods.4 By then, even intensive treatment with a
combination of debulking surgery and chemotherapy often quickly results in recurrent
disease. To radically impact the burden of disease associated with HGSC we therefore
require a dual approach: instead of solely attempting to reverse the effects of advanced
stage disease, we should also aim to prevent HGSC.
Origin of HGSC and STIC lesions
Prevention in general, and primary prevention in particular, requires knowledge on
the tissue of origin, identification of premalignant lesions and an indication of the
time frame in which healthy cells develop into metastatic disease. For many years,
researchers have been investigating the ovaries to identify premalignant lesions
11
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which may evolve to HGSC. The search has been hindered by the fact that less than
5% of HGSCs are detected before the disease has spread to the surface of adjacent
structures.5 Naturally, the ovarian surface epithelium (OSE) has long been considered
the tissue of origin for HGSC. According to the OSE theory, HGSC either develops
directly on the surface of the ovaries or in OSE present in cortical inclusion cysts (CIC),
which may arise through the invagination of OSE into the underlying stroma.6 However,
hardly any carcinomas are discovered in OSE and evidence connecting CICs to HGSC
is scarce.5 Another theory involves the secondary Müllerian system.5 In embryonic
development, Müllerian ducts develop into the female reproductive system: Fallopian
tubes, uterus, cervix and the upper part of the vagina.7 The secondary Müllerian system
is formed by areas of distinctive surface epithelium outside the female reproductive
system, such as para-tubal and para-ovarian cysts, but also endometriosis (i.e. epithelial
cysts resembling endometrium) and endosalpingiosis (i.e. epithelial cysts resembling
Fallopian tube epithelium).5,8 Although the secondary Müllerian system forms a
plausible origin for the development of some types of ovarian cancer such as clear
cell carcinomas, endometrioid carcinomas and perhaps low grade serous carcinomas
(LGSC), the evidence for the connection between the secondary Müllerian system
and HGSC remains unsatisfactory.5,6 In 2001, a radical paradigm shift occurred as a
plausible precursor lesion was identified in the Fallopian tube epithelium: the serous
tubal intraepithelial carcinoma (STIC).9–12 The discovery of STIC-lesions has renewed
interest in the Fallopian tube. Since then, the Fallopian tubes have been examined
closely, resulting in the discovery of even earlier premalignant lesions: serous tubal
intraepithelial lesions (STIL). These premalignant serous proliferations are also known
as P53 signatures as they already contain TP53 mutations but have no malignant
cytomorphologic features. Exfoliated precursor cells may also spread throughout
the peritoneal cavity and evolve to metastatic HGSC from there, resulting in primary
peritoneal carcinoma.5
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Part I. Salpingectomy for ovarian cancer prevention
Opportunistic salpingectomy
Until recently, surgical ovarian cancer prevention was limited to the Risk Reducing
Salpingo-Oophorectomy (RRSO) which involves removal of the Fallopian tubes and
ovaries. As it results in immediate surgical menopause, quality of life is diminished
by the acute onset of menopausal complaints and the risk of premature menopause
related comorbidity increases, such as cardiovascular disease and osteoporosis. For
high-risk populations, such as women with a pathogenic germline BRCA 1/2 mutation,
the life-time risk for ovarian cancer is reduced by 85 to 90% which justifies the sideeffects of RRSO.13 However, for the general population the life-time risk of ovarian
cancer is 1.3%, which does not justify a risk-reducing surgery in itself.14 The identification
of the Fallopian tube as origin for HGSC has resulted in a new possibility for ovarian
cancer prevention; contrary to the ovaries, the Fallopian tubes have no function after
completion of childbearing. Moreover, the Fallopian tubes may be removed during
other surgical procedures in the abdominal cavity, for example during a hysterectomy.
This ‘opportunistic salpingectomy’ may reduce ovarian cancer incidence through the
removal of its tissue of origin.15–17 Although the Fallopian tubes may be removed without
the hormonal implications associated with RRSO, they are in close anatomical proximity
to the ovaries. The vascularisation of the ovaries stems from the ovarian arteries and to
a lesser extent from the uterine arteries and both arteries branch out to the Fallopian
tubes. Thus, removal of the Fallopian tubes could compromise the blood flow to the
ovaries, diminishing ovarian reserve through accelerated oocyte depletion. Over time,
this might result in an earlier onset of menopause.
Although primum non nocere (first, do no harm) is the foundation of medicine in
general, it is even more important in the field of preventive medicine. If we can prevent
one HGSC through opportunistic salpingectomy, while, for example, four others suffer
from limited long-term consequences, we merely shift the burden from one disease
to another. Unfortunately, results from randomised controlled trials (RCTs) on the
effect of salpingectomy on time to menopause are not expected for many more years.
Nevertheless, the popularity of opportunistic salpingectomy is increasing globally.18–20
Implementation of opportunistic salpingectomy in current care
Many national and international guidelines now recommend that gynaecologists
discuss the possibility of opportunistic salpingectomy with all eligible patients.
However, there are no directives on how to shape the conversation or what to discuss
and there even is some discrepancy among guidelines on who to discuss it with;
some gynaecological societies recommend salpingectomy for women undergoing
hysterectomy while others recommend it for all patients who have completed
13
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childbearing and will be undergoing intra-abdominal surgery with the intention to
retain the ovaries, including women undergoing sterilisation.21–24 These variations
may seem minor, but even if guidelines are consentient on the benefit of a new
intervention, studies have shown that it is no small task to effectuate a change in daily
practice.25 Moreover, in general there is a discrepancy between what is considered
best practice and what is happening in different hospitals.25 Interventions without
clear-cut evidence on all risks and benefits are especially vulnerable to variety in
care, meaning that some patients are offered a choice while others are not, often
depending on the preference of the treating physician. Variety in care is undesirable
as it should not matter which hospital a patient chooses to attend, or in which region
or country she lives, every patient has a right to be informed on her options and to
be able to make her own choice. An implementation strategy may lower variety in
care, but it will only achieve its goal if the strategy is tailored to its target audience.
Regarding implementation of opportunistic salpingectomy, this requires insight
in the factors affecting implementation in daily practice: which factors encourage
implementation and which factors complicate or even prevent it? When these
determinants of practice have been identified, tools can be developed that meet
the needs of its future users. Finally, these tools need to be implemented in daily
care and monitored to evaluate whether further adaptations are needed.25,26 Thus, to
implement opportunistic salpingectomy throughout the Netherlands we first need an
insight in determinants of practice with regards to salpingectomy and subsequently
develop tools to facilitate a change in current practice.
Patient decision aids
Patient decision aids (PtDA) have gained popularity over the past years as important
implementation tools in the discussion of treatment options with patients and for the
personalisation of care. According to the International Patient Decision Aid Standards
(IPDAS) Collaboration, a PtDA is an evidence-based tool which presents potential
benefits and risks for all available treatment options.27 It does not tell a patient what to
decide, but rather informs its user on the important aspects and helps them to consider
what their decision would mean for their personal life specifically. In this regard, PtDAs
play an important role in shared decision making.28 The traditional relationship between
doctor and patient is often described as paternalistic; the doctor knows what is best
and therefore makes decisions independently of the patient.29 In the more recent past,
this dynamic has started to shift towards a more patient-centred approach, in which
both healthcare professional and patient actively participate.29 PtDAs help patients
to make a decision together with their doctor, instead of having someone decide for
them.28 Thus, there may be an added value of PtDAs to facilitate the implementation of
opportunistic salpingectomy. In contrast to BRCA 1/2 mutation carriers, there currently
14
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are no PtDAs available for the general population on the possibility of salpingectomy,
either as an opportunistic intervention during surgery for another indication, or as a
sterilisation technique.30
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Part II. Innovations in treatment
of advanced stage disease
Current treatment of HGSC
For years, the treatment of HGSC has consisted of extensive debulking surgery in
combination with chemotherapeutic treatment with paclitaxel and carboplatin or
cisplatin. The sequence of treatments may vary, depending on the condition of the
patient and tumour stage. Some survival benefits have been accomplished over the
past years with new techniques such as intra-peritoneal chemotherapy, the use of
hyperthermic intraperitoneal chemotherapy (HIPEC) or PARP inhibitors.31–33 However,
given the ever-increasing possibilities for gene-mutation and -expression analysis, it
is time to take a different approach. The prognosis of women diagnosed with HGSC
is generally limited but the disease-free survival (DFS) and overall survival (OS) vary
widely among women with advanced stage disease. So far, several clinicopathological
features have been associated with survival, such as age, stage of disease, completeness
of debulking surgery and serum levels of CA125.34 However, clinicopathological factors
cannot fully account for the differences. The question arises whether the range in
survival may result from differences in underlying tumour driving mechanisms, and
if so, if this can be translated to targets for individualised therapies. Exploring these
potential differences is therefore the first step in facilitating the development of
targeted therapies.
Signal transduction pathways
Cellular processes are controlled by signal transduction pathways (STPs) which govern
cell division, migration, differentiation and, up to a certain degree, cell metabolism.35,36
This process is tightly controlled, as aberrant STPs can result in uncontrolled and
unlimited cell growth, and therefore be the driving force of tumour growth and
metastasis.37 Most tumour driving gene mutations known to date are part of one or
more of 12 STPs.38 Treatment strategies are increasingly tailored to individual patients
and their tumour characteristics. For these therapies to be effective, it is essential to
target the right STP. Unfortunately, identification of the tumour-driving pathway has
proven to be a challenge as response rates to targeted therapies often fall short of
expectations.39,40 This may be the result of diagnostics used for selection of targeted
therapies as they currently are based solely on the genotype of the cancer cell rather
than the functional phenotype, while evidence is accumulating that the phenotype is
affected by other factors, such as the tumour micro-environment.39 Thus, while specific
gene alterations may indicate STP activity, this is not necessarily true.
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STA-analysis
In 2010, a novel method to assess the cancer phenotype was developed, using
knowledge-based Bayesian network models to interpret a selection of the cancer
transcriptome: signal transduction pathway activity analysis (STA-analysis). It estimates
functional pathway activity based on mRNA levels of target genes of the major
oncogenic STPs 41. Currently, eight major pathways can be analysed by means of this
model; Estrogen Receptor (ER), Androgen Receptor (AR), Phosphoinositide-3-kinase
(PI3K, measured indirectly as, in the absence of cellular oxidative stress, it is inversely
proportional to Forkhead Box O (FOXO) activity), Hedgehog (HH), Notch, transforming
growth factor beta (TGF-β), nuclear factor-kappa B (NF-ҡB) and canonical wingless-type
MMTV integration site (Wnt).39,42–45 In breast and colon cancer, STA-analysis has already
proven to be of value, as it accomplishes high accuracy in the determination of the
aberrant STP.39 In women with breast cancer, STA-analysis resulted in a more accurate
prediction of response to neoadjuvant hormonal therapy when compared to traditional
immunohistochemical ER staining.46 Furthermore, STA-analysis was able to identify a
subgroup of patients with a more favourable prognosis among women diagnosed with
ER positive breast cancer treated with tamoxifen, based on actual ER pathway activity.39
Similar findings are reported in endometrial cancer but for HGSC much remains to be
elucidated.47 As classic clinicopathological factors cannot account for the variation in
survival of women with HGSC, it may be the result of previously unnoticed differences
in the underlying tumour driving mechanisms. We explore STP activity in HGSC in order
to provide new insight in its functional phenotype and ultimately provide new targets
for individualized therapies.

17
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Aim and outline of this thesis
In this thesis, we take a dual approach to lower the burden of disease associated with
HGSC. First, we aim to lower the incidence of HGSC through the development of a
tailored implementation strategy for opportunistic salpingectomy; second, we aim to
aid the development of innovative treatments for HGSC through the assessment of
signal transduction pathway activity in advanced stage HGSC.
Main objectives
Part I. Salpingectomy for ovarian cancer prevention
•
What is the effect of salpingectomy on ovarian cancer risk and ovarian reserve?
•
What is the current practice with regards to opportunistic salpingectomy in the
Netherlands?
What are main determinants of practice regarding the implementation of
•
opportunistic salpingectomy and which tools do patients and professionals need
to facilitate implementation of opportunistic salpingectomy?
Part II. Innovations in treatment of advanced stage disease
Which signal transduction pathways play a role in HGSC?
•
To what extent is there a difference in signal transduction pathway activity between
•
short-term and long-term survivors of HGSC?
Which signal transduction pathways could be potential targets for personalised
•
medicine?
Thesis outline
Part I. Salpingectomy for ovarian cancer prevention
In Chapter 2, we investigate the effect of salpingectomy on ovarian cancer incidence in
the Dutch population. In the OCASE (Ovarian Cancer risk After Salpingectomy for Ectopic
pregnancy or hydrosalpinx) population-based database study, ovarian cancer incidence
after salpingectomy for ectopic pregnancy or hydrosalpinx is compared to an unexposed
population. In Chapter 3, results of the HYSTUB (HYSterectomy with or without
opportunistic TUBectomy) randomised controlled trial (RCT) are presented. In this RCT
we compared ovarian reserve after hysterectomy with opportunistic salpingectomy to
hysterectomy alone to assess safety of the opportunistic salpingectomy. The results
were subsequently used in a meta-analysis on the safety of opportunistic salpingectomy
during hysterectomy, which is presented in Chapter 4. In this Cochrane review we
discuss surgical and hormonal safety of opportunistic salpingectomy. The current
practice of opportunistic salpingectomy throughout the Netherlands is discussed in
Chapter 5, followed by an in-depth analysis on the determinants of practice influencing
18
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the implementation of opportunistic salpingectomy in Chapter 6. In Chapter 7, we
describe our process of the development of a patient decision aid for opportunistic
salpingectomy.
Part II. Innovations in treatment of advanced stage disease
As STA-analysis is relatively new, we assessed STP activity in a publicly available dataset
of HGSC samples. The results are presented in Chapter 8. In Chapter 9, we collected
HGSC samples of women diagnosed with advanced stage HGSC and compared STP
activity of women with a short disease-free survival to women with a long disease-free
survival.
The implications for clinical practice and future research are discussed in Chapter 10,
in which we place our results in a larger perspective. Results and conclusions are
summarised in Chapter 11.
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Abstract
Objective: Salpingectomy may reduce ovarian cancer incidence, although the lag-time
between intervention and therapeutic effect remains to be elucidated. We aim to answer
the following question: what is the effect of salpingectomy for ectopic pregnancy or
hydrosalpinx at a young age on ovarian cancer risk compared to no salpingectomy for
any reason?
Methods: This nationwide population-based database study uses the Dutch pathology
database to identify all women who underwent salpingectomy for ectopic pregnancy
or hydrosalpinx between January 1990 and December 2012 and compared ovarian
cancer incidence to a control group of women who had a benign dermal nevus removed,
matched for age at the time and year of procedure. After selection and manual control
of intervention and control group, ovarian cancer incidence was recorded. Hazard ratios
(HR) with 95% Confidence intervals (95% CI) for the development of ovarian cancer
were calculated with Cox regression analyses, both unadjusted and adjusted for age.
Subgroup analyses were performed to investigate lag-time between intervention and
protective effect.
Results: In all, 18 961 women were included in the intervention group; 17 106 women had
a unilateral salpingectomy and 1855 had a bilateral salpingectomy. The control group
consisted of 23 686 women. With 14 ovarian cancer cases in the intervention group, the
incidence rate (IR) of ovarian cancer was 5.4 (95% CI 3.1–8.9) per 100 000 person-years.
In the control group, there were 24 ovarian cancer cases, resulting in an IR of 7.1 (95%
CI 4.7–10.5) per 100 000 person-years (p=0.34). The age-adjusted HR for ovarian cancer
was 0.76 (95% CI 0.39–1.47) after salpingectomy. Unilateral salpingectomy resulted in
an age-adjusted HR of 0.81 (95% CI 0.41–1.59) and bilateral salpingectomy resulted in an
age-adjusted HR of 0.43 (95% CI 0.06–3.16) based on one case. None of our subgroup
analyses for lag-time resulted in a significant difference in ovarian cancer incidence
between intervention and control group. The difference in ovarian cancer incidence
appeared largest in women with at least 8 years of follow-up (p=0.08).
Conclusion: We found no significant reduction in ovarian cancer risk after salpingectomy
for ectopic pregnancy or hydrosalpinx. Due to the young population, ovarian cancer
incidence is low, even at the end of follow-up. Furthermore, due to the anonymous nature
of the pathology registry, we were unable to adjust for confounding factors. Although
results did not reach statistical significance, they add to the available data on ovarian
cancer incidence after salpingectomy. Our subgroup analysis suggests there may be no
benefit in the first years following salpingectomy.
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Introduction
Ovarian cancer is the most lethal malignancy of the female genital tract.1,2 Despite
many advances in the field of cancer treatment in general, the survival rate of ovarian
cancer has barely improved. For example, the 5-year survival rate of advancedstage epithelial ovarian cancer (EOC) remains 30%, as it has been over the past few
decades.3 As screening attempts have shown no substantial survival benefit, attention
should be directed towards primary prevention.4 Until recently, risk-reducing salpingooophorectomy (RRSO) was the only possibility for surgical prevention. RRSO is advised
for women at high risk for ovarian cancer, such as BRCA1/2 gene germline mutations
carriers who have a lifetime risk for EOC of 20–40%.5 Although the lifetime risk of EOC
warrants RRSO in this group, it is not a viable option for the general population where
the lifetime risk of EOC is approximately 1.3%.6,7 In the general population, the benefits
of RRSO do not outweigh the long-term effects of immediate surgical menopause
following the procedure.
Since 2001, a growing body of evidence identifies the Fallopian tube epithelium, rather
than the ovary itself, as the tissue of origin for the most common histologic subtype
of ovarian cancer: high-grade serous carcinoma (HGSC).8–11 This finding has resulted in
new possibilities for prevention such as opportunistic salpingectomy, which is defined
as an additional salpingectomy during surgery on another indication. Contrary to
the ovaries, the Fallopian tubes do not have any known function after completion
of childbearing, increasing the viability of opportunistic salpingectomy as an option
for ovarian cancer prevention in the general population. Although the Fallopian tubes
partially share the blood supply of the ovaries, opportunistic salpingectomy does not
seem to affect postoperative ovarian reserve.12,13 However, data on the long-term effect
in young women are scarce.
Several large retrospective studies have investigated the effectiveness of salpingectomy
as a preventive measure. Madsen et al. found a risk reduction of 42% for EOC after
bilateral salpingectomy.14 Lessard-Anderson et al. found that the risk of serous EOC and
primary peritoneal carcinoma (PPC) reduced by 64% after excisional tubal sterilisation
and Falconer et al. found a reduction in ovarian cancer risk of 29% after unilateral
salpingectomy and 65% after bilateral salpingectomy.15,16 Although all studies have
demonstrated effectiveness of salpingectomy, the question remains at what age
women would benefit most from the protective effect as it remains to be elucidated
how much time generally passes between development of a precursor lesion and
progression to ovarian cancer.
In this study, we aim to determine the protective effect of salpingectomy on ovarian
cancer risk in the Dutch population. We compare ovarian cancer incidence in women
who have undergone salpingectomy for ectopic pregnancy or hydrosalpinx to a
29

2

Chapter 2

control group of women who have not undergone salpingectomy. Additionally, the
lag-time between salpingectomy and its protective effect against ovarian cancer is
investigated to determine at what age salpingectomy is expected to result in the largest
risk reduction.
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Materials and methods
Study design and population
For this nationwide population-based database study, we used the Dutch nationwide
network and registry of histopathology and cytopathology (PALGA, Houten, the
Netherlands). PALGA registers all pathology diagnoses from all Dutch laboratories
since 1989, with coverage approximating 100%. For the intervention group, PALGA
identified all women who underwent unilateral or bilateral salpingectomy for ectopic
pregnancy or hydrosalpinx between 1 January 1990 and 31 December 2012. There were
no age restrictions. For the control group, we needed to define a control group with a
PALGA database registration without relation to ovarian cancer risk. We chose women
diagnosed with a benign dermal nevus between 1 January 1990 and 31 December
2012 as a benign dermal nevus is not related to ovarian cancer and can be diagnosed
in anyone, reducing risk of bias in the control group. Furthermore, diagnosis of a
benign dermal nevus will not affect life expectancy. PALGA matched controls to the
intervention group through at-random frequency matching within a 5-year range of
both age at detection and year of detection. The 5-year range was chosen to form
groups that were comparable in terms of age and duration of follow-up.
Histology results, age at diagnosis and date of diagnosis of all subtypes of ovarian,
Fallopian tube or PPC between 1 January 1990 and 1 July 2017 were retrieved for all
included women. Benign and borderline tumours of the ovaries were excluded. Finally,
data were anonymised and provided by PALGA.
Although salpingectomy would be expected to mainly influence the HGSC incidence,
we decided to include all histological subtypes of ovarian cancer as we made use of a
data registry and were unable to revise all pathology diagnoses. In addition to interobserver variety, the histopathologic classification of ovarian cancer has seen major
changes over the past decades.17
Inclusion and exclusion criteria
All received records were checked manually prior to inclusion. For the intervention
group, we accepted a combination of ‘tube’ with one or more of the following terms;
extirpation, excision, resection, removal, segment, fragment and part. Patients were
excluded if the pathology report indicated a different intervention. In case of ambiguous
pathology reports (e.g. uncertainty on the completeness of the salpingectomy), patients
were excluded from primary analysis, but the data were used in a post-hoc sensitivity
analysis. Further exclusion criteria were the same in the intervention and control group
and comprised all ovarian cancer diagnosed prior to, or on the date of, inclusion.
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Data collection
We recorded age at the time of the intervention, and for all ovarian cancer diagnoses
we recorded time to diagnosis, age at diagnosis and type of ovarian cancer. Women
were censored at the end of follow-up or after bilateral (salpingo-)oophorectomy.
Ovarian cancer diagnoses were recorded as an event. If the pathology report indicated
recurrent ovarian cancer or metastasis of other malignancies to the ovaries, patients
were excluded.
Data analysis
Patient characteristics were analysed with descriptive statistics. Skewed continuous
variables are presented as median and quartiles and were compared with a Mann–
Whitney U test. Categoric variables are presented as frequency and were compared
with a Chi-square test. Cox proportional hazard models were used to calculate hazard
ratios (HRs) with 95% confidence intervals (95% CI) for risk of ovarian cancer in women
who underwent salpingectomy for ectopic pregnancy or hydrosalpinx compared to
women who had a benign dermal nevus removed. We calculated unadjusted HRs and
HRs adjusted for age at the time of intervention. As we had no additional information on
medical history or reproductive history, we were unable to adjust for known confounders
such as hysterectomy or tubal ligation. Survival of the intervention group and control
group were visualised in a Kaplan– Meier curve and a log-rank test was used to test for
differences in survival.
We performed a subgroup analysis for laterality of salpingectomy, but we decided
against subgroup analyses for histologic subtypes due to the low numbers per subtype.
Furthermore, we performed a post-hoc sensitivity analysis to see if results were affected
by addition of the ‘uncertain’ salpingectomy group.
To identify the possible lag-time between intervention and protective effect, we
performed subgroup analyses for increasing durations of follow-up. We calculated
incidence rates (IRs) of ovarian cancer for women with at least 4, 8, 12 and 16 years
of follow-up, and compared the intervention and control group with a Chi-square test.
We chose to start with a minimum duration of follow-up of 4 years as women who
undergo salpingectomy for ectopic pregnancy or hydrosalpinx are generally young,
while the average age at diagnosis of ovarian cancer is approximately 60 years. Starting
with a subgroup with a lower minimum duration of follow-up is unlikely to reveal any
differences in ovarian cancer incidence as they will not have been diagnosed at that
point. Above 16 years of follow-up, the number of women remaining in follow-up will
most likely be insufficient to allow for a subgroup analysis.
All statistical analyses were carried out with SPSS (IBM Corp. Released 2016. IBM SPSS
Statistics, version 24.0).

32

Ovarian cancer risk after salpingectomy

Ethical approval
The scientific committee of PALGA granted approval for this retrospective study (file
number LSV 2017-196) which was exempt from institutional review board approval due
to its retrospective nature and provision of anonymised patient data.
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Results
Patient selection and characteristics
A PALGA search resulted in 557 393 eligible women: 23 989 women who underwent a
salpingectomy for ectopic pregnancy or hydrosalpinx for the intervention group and 533
404 women who had a benign nevus removed for the control group. Through at-random
frequency matching, 23 989 women were selected for the control group. Anonymous data
were then provided by PALGA for 47 978 women: 23 989 women each for the intervention
and control group.
Manual control and selection of the intervention group resulted in the exclusion of 365
women. For 4663 women, it was unclear whether they had a complete salpingectomy, so
they were marked as ‘unclear’ and classified as a separate group for a post-hoc sensitivity
analysis. Eventually, the intervention group consisted of 18 961 women, 17 106 of which had
a unilateral salpingectomy and 1855 who had a bilateral salpingectomy. The indication was
ectopic pregnancy for 15 084 women and hydrosalpinx for 3561 women. For 316 women,
it was unclear if the salpingectomy was indicated for ectopic pregnancy or hydrosalpinx.
For the control group, manual control resulted in the exclusion of 303 women. Eventually,
the control group consisted of 23 686 women who had a benign nevus removed. Figure 1
shows a flowchart of the selection process and reasons for exclusion.
Table 1 provides a summary of the patient characteristics. The median age at entry was 33
years (interquartile range (IQR) 29–37) for the salpingectomy group and 32 years (IQR 28–
37) for the control group. Median duration of follow-up was 13.0 years (IQR 8.5–18.0) in the
salpingectomy group and 13.5 years (IQR 8.7–18.6) in the control group. In the salpingectomy
group, there were 14 ovarian cancer cases. Women were diagnosed with ovarian cancer
at a median age of 46 years (IQR 45–51) after a median duration of follow-up of 7.3 years
(IQR 1.8–12.6). In the control group, there were 24 ovarian cancer diagnoses. Median age
at diagnosis was 49 years (IQR 44–54) and median duration of follow-up at diagnosis was
11.0 years (IQR 6.1–15.1).
Figure 2 shows a Kaplan–Meier curve of the cumulative proportion of women diagnosed
with ovarian cancer for the total salpingectomy group and the control group. The number
of women remaining in follow-up per time point is displayed below the figure. The large
increase in ovarian cancer cases in the dermal nevus group at approximately 27 years
results from a low number of women who remain in follow-up at that time point: 166
for the salpingectomy group and 297 for the control group. A log-rank test for ovarian
cancer incidence at the end of follow-up revealed no significant differences between the
intervention and control group (p=0.45). A Kaplan–Meier curve for unilateral and bilateral
salpingectomy compared to the control group is presented in Supplementary figure 1.
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Figure 1. Flowchart of selection process and reasons for exclusion.

Risk of ovarian cancer
Cox regression analysis resulted in an unadjusted HR for ovarian cancer of 0.78 (95%
CI 0.40–1.50) in women who have undergone salpingectomy for ectopic pregnancy
or hydrosalpinx compared to women who had a nevus removed. When adjusted
for age, the HR was 0.76 (95% CI 0.39–1.47). In a subgroup analysis for laterality of
salpingectomy, bilateral salpingectomy resulted in a greater risk reduction than
unilateral salpingectomy. For unilateral salpingectomy, the unadjusted HR was 0.81
(95% CI 0.41–1.59) and the age-adjusted HR was 0.81 (95% CI 0.41–1.59). For bilateral
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salpingectomy, the unadjusted HR was 0.52 (95% CI 0.07–3.81) and the age-adjusted HR
was 0.43 (95% CI 0.06–3.16). Although the risk of developing ovarian cancer appeared
lower after salpingectomy, the reduction was not statistically significant. A post-hoc
sensitivity analysis with addition of the ‘uncertain’ group to the salpingectomy cohort
did not result in a different outcome.
Table 1. Overview of patient characteristics of the intervention (e.g. after salpingectomy) and control
group.
Control
group

Intervention group

Age at entry

a

Follow-up

a

Ovarian cancer diagnoses

P-value

Unilateral
salpingectomy
(n=17 106)

Bilateral
salpingectomy
(n=1855)

Total
(n=18 961)

(n=23 686)

32 (28–36)

35 (31–40)

33 (29–37)

32 (28–37)

<0.01

12.9
(8.4–17.8)

14.4
(9.5–19.2)

13.0
(8.5–18.0)

13.5
(8.7–18.6)

<0.01

13

1

14

24

0.34

Age at diagnosis

45 (45–50)

50

46 (45–51)

49 (44–54)

0.08

Time to diagnosisa

7.2 (1.8–12.2)

12.4

7.3 (1.8–12.6)

11.0 (6.1–15.1)

0.08

a

All data are reported as median and interquartile range or as frequency. P-value is given for the
comparison between the total intervention group versus the control group. a In years.

Lag-time
Incidence rates for ovarian cancer after a minimum of 4, 8, 12 and 16 years of followup are presented in Table 2. There was no significant difference in IRs between the
intervention of control group at any time point. The non-significant difference appeared
largest in women with at least 8 years of follow-up. In the intervention group, there were
14 740 women with a duration of follow-up of 8 years or more. There were six ovarian
cancer diagnoses in these women, resulting in an IR of 2.6 (95% CI 1.0–5.4) cases per
100 000 person-years. In the control group, there were 18 735 women with a duration of
follow-up of 8 years or more. There were 17 ovarian cancer diagnoses in these women,
resulting in an IR of 5.6 (95% CI 3.4–8.9) cases per 100 000 person-years (p=0.08).
Supplementary table 1 gives IRs for unilateral salpingectomy compared to the control
group. The number of ovarian cancer cases in the bilateral salpingectomy group (n=1)
was insufficient to allow for subgroup analysis.
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Figure 2. Kaplan–Meier curve of cumulative proportion of women diagnosed with ovarian cancer
after salpingectomy for ectopic pregnancy or hydrosalpinx compared to the control group (log-rank
p=0.45).
Below the figure, the number of women who remain in follow-up is given for each group. Note the
scale on y-axis which was shortened due to the low incidence of ovarian cancer.

Table 2. Ovarian cancer diagnoses after increasing minimal duration of follow-up after salpingectomy
for ectopic pregnancy or hydrosalpinx compared to the control group.
Subgroup

Intervention group
Incidence
ratea

Total

Control group

P-value

(95% CI)b

Ovarian
cancer
diagnoses

Number
of
women

Incidence
ratea
(95% CI)b

Ovarian
cancer
diagnoses

Number
of
women

5.4 (3.1–8.9)

14

18 961

7.1 (4.7–10.5)

24

23 686

0.34

18 955

6.8 (4.4–10.0)

23

23 686

0.10

Duration of follow-up:

a

>4 years

3.9 (2.0–6.9)

10

>8 years

2.6 (1.0–5.4)

6

14 740

5.6 (3.4–8.9)

17

18 735

0.08

>12 years

2.4 (0.7–5.1)

4

10 552

4.0 (2.0–7.1)

10

13 757

0.26

>16 years

1.3 (0.3–5.0)

2

6454

2.2 (0.7–5.4)

4

8618

1.00

Incidence rates were calculated per 100 000 person-years. b Confidence Interval.
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Discussion
Main findings
This nationwide population-based study of a cohort of 18 961 women with a history of
salpingectomy for ectopic pregnancy or hydrosalpinx shows a non-significant reduction
in ovarian cancer incidence compared to a control group of 23 686 women who had a
benign dermal nevus removed. In addition, there seemed to be no benefit in the first
years following salpingectomy, possibly identifying a lag-time between intervention
and protective effect.
Strengths and limitations
The main strengths of our study are the nationwide coverage of the PALGA database,
spanning nearly 30 years and the large number of included women. Furthermore, all
records were checked manually for eligibility so for the primary analysis we were able to
make use of clearly defined intervention and control groups. Although this initially resulted
in the exclusion of a substantial subgroup of women, as it was unclear whether they had
had a complete salpingectomy, they were used later in a post-hoc sensitivity analysis.
The ovarian cancer risk reduction after salpingectomy would most likely be the result
of a reduction in HGSC cases. Thus, ideally, we would have limited our search to EOCs.
However, we decided to include all subtypes as it was unfeasible to revise all pathology
diagnosis by a single pathologist for this is a retrospective and anonymous database study. Due to the nationwide character of the database, many pathologists have
contributed over the years resulting in considerable inter-observer variety. In addition,
there have been many changes in the classification of ovarian cancer in the existence
of the PALGA database, lowering the value of subgroup analyses even further.
Another limitation of this study is the lack of information on patient characteristics;
although we did know age and indication for salpingectomy, we lacked data on medical
and reproductive history and possible co-morbidities that might have affected our
results. Although unequal distribution of risk factors due to chance is lowered by the
large number of included women, the selection criteria for our groups may have
introduced an indication bias: our intervention group, by definition, had a surgical
procedure for either an ectopic pregnancy or hydrosalpinx, while the control group did
not. As we had no further information on medical history, we were unable to correct for
possible confounders such as a history of additional surgeries in the intervention group
or any abdominal surgery in the control group. Intervention such as a hysterectomy or
tubal ligation both affect ovarian cancer risk.16,18,19
The likelihood of hydrosalpinx and ectopic pregnancy increases with a medical history
of sexually transmitted infections (STIs) or pelvic inflammatory disease which is often
the result of an untreated STI.20 Thus, there may be a difference in self-care and health38
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seeking behaviour between women in the intervention group and the control group,
who took the time to undergo a preventive surgical intervention. The risk of ectopic
pregnancy or hydrosalpinx may also be increased due to endometriosis, which is related
to ovarian cancer risk.21 Although we were unable to control for medical and reproductive
history, several risk factors for hydrosalpinx or ectopic pregnancy are also a risk factor
for ovarian cancer.21 If the results have been affected by an unequal distribution of
confounding factors, it is likely that our results are an underrepresentation of the true
effect of salpingectomy on ovarian cancer risk.
The lack of statistical significance may be a result of the low incidence of ovarian cancer
in the general population in combination with a young population. The median age at
ovarian cancer diagnosis is 62 years.5,22 With a median age at entry of 32–33 years and
a median duration of follow-up of 13 years, most women included in this study have
not yet reached this age. Although none of our lag-time analysis reached statistical
significance and thus no conclusions can be drawn from the results, both the subgroup
analysis and the Kaplan–Meier curve of ovarian cancer incidence give an indication that
the risk reduction changes over time. In this study, we have identified an intervention
and control group that we will continue to follow to investigate whether differences
between the groups are more pronounced after a longer duration of follow-up.
Interpretation
Although we found a non-significant difference, our HRs for ovarian cancer after
salpingectomy are in agreement with previous studies.14–16 Falconer et al. identified
women with a history of gynaecological surgery on benign indication in the Swedish
population between 1973 and 2009 and compared the number of ovarian cancer cases
to the entire unexposed population. They found that ovarian risk reduced by 35% after
salpingectomy, with a reduction of 29% after unilateral salpingectomy and a reduction
of 65% after bilateral salpingectomy.16 Madsen et al. assessed the number of women
with a history of bilateral salpingectomy in all women diagnosed with EOC in Denmark
between 1982 and 2011, and compared it to an age-matched control group. They found
that EOC risk reduced by 42% after bilateral salpingectomy.14 Lessard-Anderson et al.
identified all serous EOC cases and PPC cases between 1966 and 2009 in Olmsted
County, USA and compared the tubal sterilisation rate to a matched control group. In a
subgroup analysis, they found a reduction of 64% for serous EOC or PPC after excisional
tubal sterilisation compared to no sterilisation or non-excisional tubal sterilisation.15
Even though our results are not statistically significant, we found HRs of the same
direction and magnitude as previous cohort studies. Therefore, our results contribute
to the evidence of a sizeable risk reduction for ovarian cancer after salpingectomy.
Results are comparable for salpingectomy in general as well as for subgroup analyses
for laterality. However, our result of the subgroup analysis for bilateral salpingectomy
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should be interpreted with caution as the HRs are based on a single ovarian cancer case.
With the discovery of the serous tubal intra-epithelial carcinoma (STIC), our
understanding of the aetiology of HGSC has improved greatly. However, considerable
knowledge gaps remain, impeding the quest for preventive measures and improvement
of therapeutic options. One such knowledge gap is the fact that to date, it remains
unclear at what time (pre-)malignant cells implant in the ovary or peritoneum and
thus, at what time salpingectomy is effective for ovarian cancer prevention. In 2009,
Brown and Palmer developed a model for progression of STIC into HGSC. They estimate
it takes approximately 5 years for a STIC-lesion to develop into metastatic HGSC.23
However, in a recent review Soong et al. explore a discrepancy in incidence of STIC
lesions in HGSC patients as they are often found accompanying early-stage HGSC while
in 40–80% of advanced-stage HGSCs, there are no identifiable STIC lesions present.24,25
In their review, Soong et al. theorise that the key to this dual manner of tumour
presentation lies in ‘precursor escape’.24 According to this theory, early-stage and
advanced-stage HGSC are fundamentally different. Although both develop from early
serous proliferations (ESPs), which comprise a range of earlier precursor lesions such
as mucosal dysplasia’s, atypia’s, p53 signatures and serous tubal interepithelial lesions,
the underlying mechanism is not identical. Early-stage HGSCs might develop from
STIC lesions in a more localised manner or with limited spread. Tumours diagnosed
as advanced-stage HGSCs might develop from genetically altered epithelial cells
that detach from ESPs in the Fallopian tube, followed by malignant transformation,
explaining cases of widespread HGSC in the absence of STIC lesions.
Given the complexity of ovarian cancer, demonstrated by the lack of improvement in
disease free and overall survival over the past few decades, development of an effective
prevention strategy might be the answer. Although the lifetime risk of ovarian cancer is
small in the general population, the catastrophic results of an ovarian cancer diagnosis
justify the focus on preventive measures. Much research has been conducted on the
effectivity and safety of (opportunistic) salpingectomy. These studies have shown that
opportunistic salpingectomy (salpingectomy during surgery for benign gynaecological
disease) seems safe when looking at intra-operative and short-term postoperative
complications and ovarian reserve.26–31 However, long-term follow-up results are lacking,
which might be particularly important for young women undergoing salpingectomy as
a preventive procedure.12 Therefore, future research should focus on long-term effects
and the lag-time between implantation of (pre-)malignant cells and the manifestation
of subsequent ovarian cancer. Overall, the accumulating evidence on the effectiveness
of salpingectomy encourages (monitored) implementation as an opportunistic way to
reduce ovarian cancer risk.
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Conclusion
The nationwide population-based OCASE-study found no significant difference in
ovarian cancer risk after salpingectomy compared to a control group. We found a
non-significant reduction that may be in line with previous reports. Furthermore, there
seemed to be no benefit in the first years following salpingectomy, possibly identifying
a lag-time between the intervention and its protective effect. Further studies on the
lag-time are needed.
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Abstract
Objective: To evaluate whether opportunistic salpingectomy in premenopausal
women undergoing hysterectomy for benign indications is both hormonally and
surgically safe, compared with hysterectomy without salpingectomy.
Methods: In this multicentre randomised controlled trial, women were randomised to
undergo either hysterectomy with opportunistic bilateral salpingectomy (intervention
group) or standard hysterectomy with preservation of the Fallopian tubes (control
group). The primary outcome measure was the difference in serum anti-Müllerian
hormone concentration (ΔAMH), measured pre-surgery and 6 months post-surgery.
Secondary outcomes were surgical outcomes and duration of hospital stay. The
sample size was powered at 50 participants per group (n=100) to compare ΔAMH
after hysterectomy with salpingectomy to ΔAMH after standard hysterectomy.
Results: Between March 2013 and December 2016, 104 women, aged 30–55 years,
were randomly allocated to hysterectomy with opportunistic bilateral salpingectomy
(n=52) or standard hysterectomy (n=52). The baseline characteristics did not differ
between the two groups. The median ΔAMH was −0.14 pmol/L (Interquartile range
(IQR) −1.47–0.95) in the intervention group and 0.00 pmol/L (IQR −1.05–0.80) in the
control group (p=0.49). The addition of salpingectomy did not impair surgical results
and it did not affect duration of hospital stay.
Conclusion: Addition of opportunistic bilateral salpingectomy during hysterectomy
did not result in a larger effect on ovarian reserve when compared with hysterectomy
alone, neither did it affect surgical outcomes. Therefore, opportunistic salpingectomy
seems to be a safe procedure in premenopausal women undergoing hysterectomy
for benign gynaecological conditions.
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Introduction
Worldwide, ovarian cancer is an important cause of morbidity and mortality.1,2 The
dismal prognosis of this disease has not changed significantly over the past decades,
mostly due to the fact that these tumours are often discovered at a late stage of
disease. Currently, the only options to alter the prognosis would be early detection
or prophylactic removal of the organ of origin.3 For decades, the dogma of ovarian
carcinogenesis was that it originated in the mesothelium overlying the ovaries. However,
since 2001 evidence is accumulating that high-grade serous ovarian carcinomas, the
most common histological type, actually arise from the epithelium of the Fallopian
tube.4–8 Therefore, opportunistic bilateral salpingectomy during surgery for a benign
condition might prevent the development of high grade serous ovarian carcinomas.7
Yoon et al. found in their meta-analysis that bilateral salpingectomy reduces the risk
of ovarian carcinoma with 49% (Odds ratio (OR) 0.51, 95% Confidence Interval (CI)
0.35–0.75).9 Although opportunistic tubectomies are already standard care in some
countries, in many others it is still common practice to preserve at least part of the
Fallopian tubes.10–14 This more conservative practice is based on the assumption that
excision of the Fallopian tubes might damage the vascularisation of the ovaries
which in turn might result in a deterioration of ovarian reserve. Eventually, this could
increase the risk of morbidity associated with premature ovarian insufficiency, such as
cardiovascular disease or osteoporosis.15–17
Studies on ovarian reserve are often based on serum Anti-Müllerian Hormone (AMH)
concentrations. AMH is a hormone produced by pre-antral and small antral follicles in
the ovaries, and therefore is considered to be an indicator of the number of follicles
present.18,19 AMH concentrations decline with age, and are related to the ovarian
response after ovarian hyperstimulation.20 It is used as a marker for ovarian ageing and
as a possible predictor of time to menopause.21 Other markers that are frequently used
in the assessment of ovarian reserve are Antral Follicle Count (AFC), Follicle Stimulating
Hormone (FSH) or Estradiol (E2). Both AFC and AMH have a good predictive value for
reproductive potential. However, only AMH has a predictive value in relation to time to
menopause (TTM).22,23 In relation to ovarian reserve, AMH is preferred over FSH and E2
as menopause is preceded by a rise in FSH levels, but the most substantial changes do
not occur until menopausal transition.24 The correlation between either FSH or E2 and
TTM is weaker than the correlation between AMH and TTM.19,25 An additional advantage
of AMH is untimed sampling due to a small inter-cycle variability.18
In the use of AMH as a marker for ovarian reserve, it is important to acknowledge
the transient effect of pelvic surgery on AMH concentrations. In the weeks following
a hysterectomy, AMH concentrations decline drastically. However, over the course of
approximately six months AMH concentrations recover and stabilise.26 Measuring the
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effect of hysterectomy with or without salpingectomy in the first months after surgery
might therefore only reflect recovering AMH values instead of the true effect of the
intervention on ovarian reserve. For this reason, the duration of follow-up of this trial
was 6 months.
Recent studies on the effect of bilateral salpingectomy have shown that opportunistic
salpingectomies do not result in a larger effect on ovarian reserve when compared to
hysterectomy alone, and do not affect surgical outcomes in a negative way.27–31 However,
these studies are limited by a short period of follow-up, a small sample size or a nonrandomised setting.27–30 Other studies focussed primarily on surgical outcomes instead
of ovarian reserve.31
We conducted this multicentre randomised controlled trial to examine whether
salpingectomy during hysterectomy for a benign gynaecological condition has a
greater effect on ovarian reserve when compared to hysterectomy alone. Since this
intervention should be both hormonally and surgically safe, secondary objectives were
surgical outcomes and duration of hospital stay.
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Materials and methods
This multicentre randomised controlled trial was conducted at the Department
of Obstetrics and Gynaecology of four hospitals in the south of the Netherlands
(Elisabeth-Twee-Steden Hospital, Tilburg; Jeroen Bosch Hospital, ‘s Hertogenbosch;
Radboud university medical center, Nijmegen; Catharina Hospital, Eindhoven),
between March 2013 and December 2016. Ethical approval of this study was granted
by the medical ethical committee of Brabant, The Netherlands. An outline of the
study protocol was published at clinicaltrials.gov (NCT02281487).
Women were eligible for participation if they were premenopausal, had an indication
for either laparoscopic or abdominal hysterectomy for benign indications (such as
fibroids or bleeding disorders), and were aged between 30 and 55 years. Patients
were excluded if they met one or more of the following criteria: a history of
gynaecological malignancy or salpingitis, a known germline BRCA 1/2 gene mutation,
use of hormones in the three weeks prior to surgery, or a form of hereditary cancer
in the family history. Eligible patients were counselled by their gynaecologist, and
in addition received written patient information. An informed consent form was
signed if patients agreed to participate. Randomisation was performed with an
online randomisation tool (Alea, Release: 2.2). Patients were randomly assigned to
experimental treatment (hysterectomy with bilateral salpingectomy; intervention
group) or standard treatment (hysterectomy with preservation of the Fallopian
tubes; control group). At the outpatient department, it had already been decided
whether hysterectomy would be performed via abdominal or laparoscopic approach
based on patient characteristics. Randomisation was performed prior to surgery.
All patients received standard pre- and post-operative care according to hospital
protocol. Surgery was either performed or under supervised by one of five
gynaecologists. Salpingectomy was performed by dissection of the mesosalpinx, as
close to the Fallopian tube as possible. In the control group, the Fallopian tube was
dissected at the proximal part of the isthmus. The choice of instruments was left to
the discretion of the performing surgeon. For coagulation either a bipolar energy
device or an ultrasonic device was used. As this is a pragmatic trial, this approach
best resembles daily practice and thus maximises the external validity of this trial.
Blood samples were obtained either one day before, or on the day of the surgery and
centrifuged at 2400G for 10 min at room temperature. The separated serum was
then stored at a temperature of −80 °C for the duration of the trial. Approximately
six months postoperatively patients received an invitation for a second blood
collection. If patients did not return for follow-up they were contacted by phone.
All samples were then collected from the participating hospitals and collectively
analysed. Serum AMH concentrations were measured by a monoclonal two-site
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electrochemiluminescence immunoassay (Roche Diagnostics GmbH, Mannheim,
Germany, cobas e602 platform). Limit of quantitation was 0.2 pmol/L and interassay coefficients of variation of the two control samples were below 1.5%.
Relevant data were retrieved from participants’ medical records: age and body mass
index, previous abdominal surgery (either laparoscopic or laparotomic and for any
indication), previous treatment(s) for the current complaint and the indication for
the hysterectomy. Secondary outcomes were also retrieved from the participants’
medical records. They were defined as; surgical approach, failure of intended surgical
approach, failure of intervention, surgical time, perioperative blood loss, complications
and duration of hospital stay. Complications were defined as any event that required
(re)intervention or prolonged hospital stay.
The primary outcome of this study was the change in AMH concentration (ΔAMH:
postoperative AMH concentration minus pre-operative AMH concentration) between
the two groups. An absolute difference of 0.30 in ΔAMH concentration between the
intervention and control group was considered to be clinically significant.20 Therefore,
a number of 44 participants per group was needed, based on a power of 80% and a
significance level of 5%. Expecting a dropout rate of approximately 12.5%, the sample
size was set at 50 participants per group.
All analyses were performed according to intention-to-treat. In addition, a per-protocol
analysis was performed. For skewed continuous variables, a Mann-Whitney U test was
applied. For categorical variables, either a Pearson-Chi square test or, in case of small
numbers, a Fisher’s exact test was used. All data are presented as median value and
interquartile range (IQR) or frequency and percentage. SPSS (IBM Corp. Released 2016.
IBM SPSS Statistics, version 24.0) was used for statistical analyses.
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Results
A total of 107 women, planned to undergo hysterectomy for a benign indication, consented
to participate in this trial (Figure 1). However, 3 women withdrew their consent prior to
randomisation, resulting in a total of 104 women randomly allocated to either the intervention
group (n=52) or control group (n=52). In each study group, one participant dropped out
after randomisation but before surgery. Surgery was cancelled for one participant in the
control group because of a cardiac event after induction of anaesthesia. In two cases the
surgeon switched from laparoscopic assisted hysterectomy to a vaginal hysterectomy, since
this was deemed most suitable for these participants. However, since a vaginal hysterectomy
was not included in the scope of this trial, opportunistic bilateral salpingectomy was not
performed. In two other participants of the intervention group, salpingectomy could not
be performed due to adhesions. In the control group, deviation from protocol occurred in
11 cases: these participants also had a bilateral salpingectomy. In the majority of cases, this
was done at the participants’ request after careful counselling. However, randomisation
had already taken place. Follow-up was completed by 46 participants allocated to the
intervention group; five participants were lost to follow-up. In the control group, follow-up
was completed in 43 cases, seven participants were lost to follow-up.
The baseline characteristics of both study groups showed no significant differences
(Table 1). These characteristics included age at time of surgery (p=0.55), body mass index
(p=0.78) and previous abdominal surgery (p=0.11). The number of women that tried at least
one other form of treatment before hysterectomy was also similar. Previous treatment was
defined as use of oral contraceptives (OC, p=1.00), an intra-uterine device (IUD, p=0.07), use
of progestogens (p=0.22), ablation of the endometrium (p=0.68), other pharmacological
therapies (p=0.48) or other surgical therapies (p=0.43). Furthermore, the indications for
hysterectomy were comparable (p=0.51). The median duration of follow-up was 6 months
for both intervention and control group (IQR 6–7, p=0.68).
The primary outcome was the difference in change in AMH concentration (ΔAMH; baseline
AMH concentration minus postoperative AMH concentration) between intervention and
control group (Table 2). Median AMH concentration before surgery was 2.21 pmol/L (IQR
0.57–6.07) in the intervention group and 1.24 pmol/L (IQR 0.43–5.57) in the control group
(p=0.19). Six months after surgery, the median AMH concentration in the intervention group
was 2.12 pmol/L (IQR 0.56–5.54), and 1.43 pmol/L (IQR 0.56–4.02) in the control group
(p=0.35). The median ΔAMH was −0.14 pmol/L (IQR −1.47–0.95) in the intervention group
and 0.00 pmol/L (IQR −1.05–0.80) in the control group (p=0.49). In terms of percentage,
ΔAMH was −4% (IQR −51–30) in the intervention group and 0% (IQR −35–125) in the control
group (p=0.31).
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Figure 1. Enrolment, allocation, follow-up and analysis of patients participating in the HYSTUB trial.

There was no significant difference in surgical approach (which was either
laparoscopic, abdominal or vaginal) between the intervention group and control
group (p=0.34). Failure of intended surgical approach occurred twice in the
intervention group (4%), both times due to adhesions. In the control group, failure of
intended surgical approached occurred three times (6%, p=1.00), due to adhesions,
blood loss and insufficient abdominal distention due to a high body mass index.
Failure of intervention occurred 5 times in the intervention group (10%), either
due to participants dropping out before surgery, adhesions, or a switch in surgical
approach to vaginal hysterectomy. The median surgical time was 1.5 h (IQR 1.3–2.1) in
the intervention group and 2.0 h (IQR 1.3–2.4) in the control group (p=0.02). Median
perioperative blood loss was 150 ml (IQR 100–300) in the intervention group and
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200 ml (IQR 100–300) in the control group (p=0.56). Duration of hospital admission
had a median value of 3 days (IQR 2–4) in both the intervention group and the
control group (p=0.62) (Table 3).
Table 1. Baseline characteristics of the intervention group (hysterectomy with bilateral salpingectomy)
and control group (hysterectomy without bilateral salpingectomy).

Age (in years)
Body mass index (kg/m2)
Previous abdominal surgery

a

Previous treatments

Intervention group
(n=52)

Control group
(n=52)

P-value

44.5 (41.3–46.8)

44.0 (42.3–48.0)

0.55

26.9 (24.5–29.7)

27.6 (22.8–32.5)

0.78

26 (50%)

34 (65%)

0.11

45 (87%)

43 (83%)

OCb

25 (48%)

25 (48%)

1.00

IUD

17 (33%)

26 (50%)

0.07

Progestogens

13 (25%)

8 (15%)

0.22

Ablation

18 (35%)

16 (31%)

0.68

Other pharmacological

10 (19%)

13 (25%)

0.48

Other surgical

7 (14%)

10 (19%)

0.43

15 (29%)

20 (39%)

Abnormal uterine bleeding

19 (36%)

17 (33%)

Abdominal pain

14 (27%)

9 (17%)

4 (8%)

6 (12%)

2.21 (0.57–6.07)

1.24 (0.43–5.57)

c

Indication hysterectomy
Uterine fibroids

Other
Preoperative AMH (pmol/L)
d

0.51

0.19

All data are reported as median and interquartile range or as frequency and percentage. a Including
caesarean section. b Oral contraceptives. c Intra-uterine device. d Anti Müllerian Hormone.

Table 2. Primary outcome of the intervention group (hysterectomy with bilateral salpingectomy)
and control group (hysterectomy without bilateral salpingectomy).
Intervention group
(n=46)

Control group
(n=43)

P-value

Postoperative AMHa (pmol/L)

2.12 (0.56–5.54)

1.43 (0.56–4.02)

0.35

∆AMH (pmol/L)

-0.14 (-1.47–0.95)

0.00 (-1.05–0.80)

0.49

P-value

0.25

0.89

n.a.c

b

All data are reported as median and interquartile range. a Anti Müllerian Hormone. b P-value of change
in AMH within intervention or control group. c Not applicable.
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Table 3. Secondary outcomes of the intervention group (hysterectomy with bilateral salpingectomy)
and control group (hysterectomy without bilateral salpingectomy).
Intervention group
(n=52)

Control group
(n=52)

Laparoscopic

38 (73%)

41 (79%)

Abdominal

12 (23%)

11 (21%)

Vaginal

Surgical procedure

P-value
0.34

2 (4%)

-

Failure of intended surgical approach

2 (4%)

3 (6%)

Failure of intervention

5 (10%)

n.a.

Surgical time (in hours)

1.5 (1.3–2.1)

2.0 (1.3–2.4)

0.02

Blood loss (in millilitres)

150 (100–300)

200 (100–300)

0.56

1.00

a

Complications

6 (12%)

3 (6%)

0.49

Hospital stay (in days)

3 (2–4)

3 (2–4)

0.62

All data are reported as median and interquartile range or as frequency and percentage. a Not
applicable.

The complication rate was 12% (6 events) in the intervention group and 6% in the
control group (3 events; p=0.24). Blood loss over 1000 ml was reported once in the
intervention group and three times in the control group. Unilateral oophorectomies
accounted for the other five complications reported in the intervention group. Twice,
this was a planned procedure due to ovarian cysts. In two other cases, it was the result of
unexpected abnormal findings during surgery and once it was the result of continuous
oozing after salpingectomy.
All results presented are based on an intention-to-treat analysis. However, deviation
from the protocol occurred in 15% of the cases, leading to 58 women undergoing
hysterectomy with salpingectomy and 46 controls. Since the cross-over was quite
substantial, we additionally performed a per-protocol analysis. The results of the perprotocol analysis showed no significant differences in baseline characteristics (Table 4),
with exception of the baseline AMH concentration which was significantly lower in the
control group and the previous use of other pharmacological therapies for the current
complaint. Primary outcomes (Table 5) and secondary outcomes (Table 6) showed no
significant differences between intervention and control group, which is in agreement
with the results of the intention-to-treat analysis.
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Table 4. Per Protocol analysis: baseline characteristics of the intervention group (hysterectomy with
bilateral salpingectomy) and control group (hysterectomy without bilateral salpingectomy).
Intervention group
(n=58)

Control group
(n=46)

P-value

Age (in years)

44.0 (41.0–47.0)

44.5 (43.0–48.0)

0.24

Body mass index (kg/m2)

27.2 (24.4–29.3)

26.4 (22.8–32.8)

0.94

Previous abdominal surgerya

31 (53%)

29 (63%)

0.33

Previous treatments

50 (86%)

38 (83%)

30 (52%)

20 (44%)

O.C.b
I.U.D.c

22 (38%)

21 (46%)

0.43

Progestogens

11 (19%)

10 (22%)

0.73

Ablation

21 (36%)

13 (28%)

0.39

Other pharmacological

8 (14%)

15 (33%)

0.02

Other surgical

9 (16%)

8 (17%)

0.80

18 (31%)

17 (37%)

Abnormal uterine bleeding

23 (40%)

13 (28%)

Abdominal pain

13 (22%)

10 (22%)

4 (7%)

4 (13%)

2.21 (0.83–6.99)

1.04 (0.35–3.59)

Indication hysterectomy
Uterine fibroids

Other
Preoperative AMH (pmol/L)
d

3

0.40

0.52

0.05

All data are reported as median and interquartile range or as frequency and percentage. a Including
caesarean section. b Oral contraceptives. c Intra-uterine device. d Anti Müllerian Hormone.

Table 5. Per Protocol analysis: primary outcome of the intervention group (hysterectomy with
bilateral salpingectomy) and control group (hysterectomy without bilateral salpingectomy).
Intervention group
(n=58)

Control group
(n=46)

P-value

Postoperative AMHa (pmol/L)

1.75 (0.71–7.93)

1.51 (0.42–3.52)

0.20

∆AMH (pmol/L)

-0.14 (-1.70–0.84)

0.00 (-0.92–1.27)

0.41

P-value

0.20

b

0.99

n.a.c

All data are reported as median and interquartile range. Anti Müllerian Hormone. P-value of change
in AMH within intervention or control group. c Not applicable.
a

b
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Table 6. Per Protocol analysis: secondary outcomes of the intervention group (hysterectomy with
bilateral salpingectomy) and control group (hysterectomy without bilateral salpingectomy).
Intervention group
(n=58)

Control group
(n=46)

Laparoscopic

46 (79%)

33 (72%)

Abdominal

12 (21%)

11 (24%)

Vaginal

Surgical procedure

P-value
0.24

-

2 (4%)

Failure of intended surgical approach

2 (2%)

3 (7%)

0.65

Surgical time (in hours)

1.5 (1.3–2.1)

2.0 (1.3–2.5)

0.14

Blood loss (in millilitres)

150 (75–300)

200 (100–300)

0.31

Complications

6 (10%)

3 (7%)

0.49

Hospital stay (in days)

2 (2–3)

2 (2–4)

0.65

All data are reported as median and interquartile range or as frequency and percentage.

56

Opportunistic salpingectomy during hysterectomy

Discussion
The main objective of this randomised controlled trial was to examine whether or not
opportunistic bilateral salpingectomy resulted in a larger effect on ovarian reserve
when compared to hysterectomy alone. As a transient postoperative decline in AMH
was expected, follow-up took place after six months.26 The change in ovarian reserve
was not significantly different after hysterectomy with opportunistic salpingectomy
when compared to hysterectomy alone. This indicates that salpingectomy during
hysterectomy for benign indication does not result in a permanent change in ovarian
reserve. When surgical outcomes of both procedures were compared, addition of
salpingectomy did not impair the results.
Our findings are in line with the recent publication of Song et al., as well as the outcomes
of the small randomised study of Findley et al. and the non-randomised trials of Morelli
et al., Sezik et al., and Ye et al., which all yielded similar results.17,29,30,32,33 However, as
expected due to differences in duration of follow-up, our study showed a smaller ΔAMH
when compared to Song et al., which had a follow-up period of 3 months.29 Song et al.
found a median decline rate of 13% in the intervention group and 11% in the control
group (p=0.90), as opposed to the decline rates of our study, which were 4% in the
intervention group and 0% in the control group (p=0.31). A large cross-sectional study
conducted by Rustamov et al. shows a postoperative increase in AMH concentration
of 9% after unilateral salpingectomy (p=0.33), when compared to women without
surgery.28 Morelli et al. found a mean ΔAMH after three months of −0.43 pmol/L after
hysterectomy with salpingectomy, and −0.57 pmol/L after standard hysterectomy
(p=0.35).32 Data on long term effects of salpingectomy on ovarian reserve is very
limited. However, Venturella et al. found no significant difference between chronological
age and ovarian age according to the OvAge model, 3–5 years after hysterectomy with
bilateral salpingectomy.34 The absolute value of the AMH-concentrations in this study
are relatively low when compared to other studies on this topic. This is probably due to
the different assays used in the studies, since lack of standardisation of the AMH assay
results in different absolute values.
One of the strengths of our study was a follow-up period of 6 months as opposed to 3
months in two previous randomised trials.29,30 This is important since Atabekoglu et al. and
Hehenkamp et al. both demonstrated that serum AMH concentrations decline significantly
in the weeks following a hysterectomy, but then recover at least partially and stabilise within
approximately six months.26,35 Therefore, a short interval between surgery and follow-up
might lead to an overestimation of the effect on serum AMH concentrations.26
One of the limitations of our study was protocol violation. In total, 15% of participants
were not treated according to the randomisation. This was mainly due to the fact that
participants, after careful counselling and randomisation with allocation to the control
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group, opted for opportunistic salpingectomy. Despite this fact, both the intention-totreat analysis and the per-protocol analysis showed no significant difference in both
primary and secondary outcomes. In addition to protocol violation, 14% of participants
were lost to follow-up. This was due to the fact that participants did not show up for
hormone assessment after six months, despite repeated reminders. The participants
that were lost to follow up were equally divided over the intervention group and control
group according to both intention-to-treat (p=0.81) and per-protocol (p=0.16) analysis.
Furthermore, there were no significant differences in baseline characteristics and
secondary outcomes between participants that completed follow-up and participants
that were lost to follow-up. This makes selective loss-to-follow-up unlikely.
As is often the case with randomised trials on surgical procedures, our trial suffers
from preference of the patients and doctors for one of the procedures, lack of blinding
for the allocated study group and loss-to-follow-up. This may be the cause of protocol
deviation, resulting in possible bias. On the other hand, the results of this type of
trials are very important. Until now, the safety of opportunistic salpingectomy has not
been proven and therefore cannot be recommended without caution, especially to
premenopausal patients. The eventual goal of opportunistic salpingectomy, namely
prevention of ovarian cancer, can only be assessed after long-term follow-up of the
participants in our trial and those of comparable studies.
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Conclusion
Based on the results of this multicentre randomised controlled trial, opportunistic
bilateral salpingectomy during a hysterectomy for a benign indication has no adverse
effects on both ovarian reserve and surgical outcomes and therefore is a safe procedure
in premenopausal women. However, whether a salpingectomy prevents the evolution
of high-grade serous carcinomas remains to be elucidated.
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Abstract
Objective: Ovarian cancer has the highest mortality rate of all gynaecological malignancies
with an overall five-year survival rate of 30% to 40%. In the past two decades it has become
apparent and more commonly accepted that a majority of ovarian cancers originate in the
Fallopian tube epithelium and not from the ovary itself. This paradigm shift introduced
new possibilities for ovarian cancer prevention. Salpingectomy during a hysterectomy
for benign gynaecological indications (also known as opportunistic salpingectomy) might
reduce the overall incidence of ovarian cancer. Aside from efficacy, safety is of utmost
importance, especially due to the preventive nature of opportunistic salpingectomy.
Most important are safety in the form of surgical adverse events and postoperative
hormonal status. Therefore, we compared the benefits and risks of hysterectomy with
opportunistic salpingectomy to hysterectomy without opportunistic salpingectomy. We
aimed to assess the effect and safety of hysterectomy with opportunistic salpingectomy
versus hysterectomy without salpingectomy for ovarian cancer prevention in women
undergoing hysterectomy for benign gynaecological indications; outcomes of interest
include the incidence of epithelial ovarian cancer, surgery-related adverse events and
postoperative ovarian reserve.
Methods: The Cochrane Gynaecology and Fertility (CGF) Group trials register, CENTRAL,
MEDLINE, Embase, PsycINFO, CINAHL and two clinical trial registers were searched in
January 2019 together with reference checking and contact with study authors. We
intended to include both randomised controlled trials (RCTs) and non-RCTs that compared
ovarian cancer incidence after hysterectomy with opportunistic salpingectomy to
hysterectomy without opportunistic salpingectomy in women undergoing hysterectomy
for benign gynaecological indications. For assessment of surgical and hormonal safety,
we included RCTs that compared hysterectomy with opportunistic salpingectomy to
hysterectomy without opportunistic salpingectomy in women undergoing hysterectomy
for benign gynaecological indications. We used standard methodological procedures
recommended by Cochrane. The primary review outcomes were ovarian cancer incidence,
intraoperative and short-term postoperative complication rate and postoperative
hormonal status. Secondary outcomes were total surgical time, estimated blood loss,
conversion rate to open surgery (applicable only to laparoscopic and vaginal approaches),
duration of hospital admission, menopause-related symptoms and quality of life.
Results: We included seven RCTs (350 women analysed). The evidence was of very
low to low quality: the main limitations being a low number of included women and
surgery-related adverse events, substantial loss to follow-up and a large variety
in outcome measures and timing of measurements. No studies reported ovarian
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cancer incidence after hysterectomy with opportunistic salpingectomy compared
to hysterectomy without opportunistic salpingectomy in women undergoing
hysterectomy for benign gynaecological indications. For surgery-related adverse
events, there were insufficient data to assess whether there was any difference
in both intraoperative (odds ratio (OR) 0.66, 95% confidence interval (95% CI)
0.11–3.94, 5 studies, 286 participants, very low-quality evidence) and short-term
postoperative (OR 0.13, 95% CI 0.01–2.14, 3 studies, 152 participants, very lowquality evidence) complication rates between hysterectomy with opportunistic
salpingectomy and hysterectomy without opportunistic salpingectomy because
the number of surgery-related adverse events was very low. For postoperative
hormonal status, the results were compatible with no difference, or with a
reduction in Anti-Müllerian Hormone (AMH) that would not be clinically relevant
(mean difference (MD) -0.94, 95% CI -1.89–0.01, I2=0%, 5 studies, 283 participants,
low-quality evidence). A reduction in AMH would be unfavourable, but due to wide
CIs, the postoperative change in AMH can still vary from a substantial decrease
to even a slight increase.
Conclusion: There were no eligible studies reporting on one of our primary outcomes:
the incidence of ovarian cancer specifically after hysterectomy with or without
opportunistic salpingectomy. However, outside the scope of this review there is a
growing body of evidence for the effectiveness of opportunistic salpingectomy itself
during other interventions or as a sterilisation technique, strongly suggesting a
protective effect. In our meta-analyses, we found insufficient data to assess whether
there was any difference in surgical adverse events, with a very low number of events
in women undergoing hysterectomy with and without opportunistic salpingectomy.
For postoperative hormonal status we found no evidence of a difference between the
groups. The maximum difference in time to menopause, calculated from the lower
limit of the 95% CI and the natural average AMH decline, would be approximately 20
months, which we consider to be not clinically relevant. However, the results should
be interpreted with caution and even more so in very young women for whom a
difference in postoperative hormonal status is potentially more clinically relevant.
Therefore, there is a need for research on the long-term effects of opportunistic
salpingectomy during hysterectomy, particularly in younger women, as results are
currently limited to six months postoperatively. This limit is especially important
as AMH, the most frequently used marker for ovarian reserve, recovers over the
course of several months following an initial sharp decline after surgery. In light of
the available evidence, addition of opportunistic salpingectomy should be discussed
with each woman undergoing a hysterectomy for benign indication, with provision
of a clear overview of benefits and risks.
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Introduction
Background
Description of the condition
Epithelial ovarian cancer has the highest mortality rate of all gynaecological
malignancies, with an overall five-year survival rate of 30% to 40%.1,2 This dismal
prognosis is mainly the result of non-specific symptoms, leading to detection at an
advanced stage of disease. Despite progress over the past decades in the field of
cancer treatment in general, only limited improvements have been made in ovarian
cancer. Studies aimed at the detection of ovarian cancer at an early stage of disease
failed to show substantial survival benefit. Hence, preventive measures that are both
safe and effective are needed. Currently, the only option for prevention of ovarian
carcinoma is bilateral salpingo-oophorectomy (BSO; the removal of both ovaries and
Fallopian tubes). However, BSO is not suitable for all women as it results in immediate
menopause, which in turn leads to elevated risks of, for example, cardiovascular disease
and all-cause mortality.3–5
Description of the intervention
A bilateral salpingectomy is defined as the surgical excision of both Fallopian tubes,
up to the tubal corner of the uterus. The procedure can be implemented in several
ways, for example during a hysterectomy (the removal of the uterus), a common
treatment for both benign and malignant gynaecological conditions. It is then called
an opportunistic salpingectomy. The surgical approach taken during hysterectomy can
be vaginal, per laparotomy or per laparoscopy. Possible additional complications of the
salpingectomy procedure include an increased chance of excessive blood loss, infection
or damage to adjacent visceral organs.
How the intervention might work
Over the past two decades, it has become apparent and more commonly accepted
that serous epithelial ovarian cancer, the most common histological subtype of ovarian
cancer, probably arises from the epithelium of the Fallopian tube rather than from
the ovary itself.6–10 This insight has given rise to the hypothesis that salpingectomy,
after the completion of childbearing, may reduce the risk of ovarian cancer.6,11–13
One suggestion has been to combine salpingectomy with hysterectomy for benign
gynaecological conditions, but there is concern that this could lead to an increase in
surgical complications. Additionally, salpingectomy could affect the ovarian reserve
since the ovaries and the Fallopian tubes (partially) share the same blood supply. Thus,
excision of the Fallopian tubes could harm part of the ovarian blood supply and affect
ovarian reserve.
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Why it is important to do this review
Since 2001, accumulating evidence points towards the epithelium of the Fallopian
tubes as a precursor site for epithelial ovarian cancer.6,9,11–14 In some countries, this
insight has resulted in the implementation of opportunistic salpingectomies in women
undergoing hysterectomy for benign gynaecological conditions. The Royal College
of Obstetricians and Gynaecologists, the American College of Obstetricians and
Gynecologists, and the European Menopause and Andropause Society each recently
published statements on the importance of discussing the possibility of opportunistic
salpingectomy with women undergoing hysterectomy for benign gynaecological
conditions. However, they also stated that more research on the topic is needed, since
it remains to be elucidated whether opportunistic salpingectomy will really result in
a decreased incidence of ovarian cancer and whether opportunistic salpingectomy
is safe (primum non nocere).13,15–17 In this review, we aimed to summarise and analyse
the current literature on both prevention of ovarian cancer and possible additional
risks of carrying out opportunistic salpingectomy during hysterectomy for benign
gynaecological conditions.
Objectives
To assess the effect and safety of hysterectomy with opportunistic salpingectomy
versus hysterectomy without salpingectomy for ovarian cancer prevention in women
undergoing hysterectomy for benign gynaecological indications. Outcomes of interest
include the incidence of epithelial ovarian cancer, surgery-related adverse events and
postoperative ovarian reserve.
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Materials and methods
Criteria for considering studies for this review
Types of studies
Because of the relatively low incidence of ovarian cancer and the necessity of a followup spanning several decades, our first listed objective, the effect of opportunistic
salpingectomy on the incidence of epithelial ovarian cancer, is not a particularly
suitable outcome for a randomised controlled trial (RCT). Therefore, we considered
both RCTs and non-RCTs to be eligible for this objective. Since the risk of bias is larger
in non-RCTs than in RCTs, we limited non-RCTs to cohort studies (both retrospective
and prospective) and case-control studies. Our second and third objectives, the effect
of opportunistic salpingectomy on the incidence of surgery-related adverse events
and on postoperative ovarian reserve, were suitable outcomes for RCTs. Therefore,
we considered only RCTs to be eligible for inclusion in this review for these objectives.
Types of participants
Participants included in this review were individuals with a population-based risk of
ovarian cancer undergoing surgery for benign gynaecological conditions. We excluded
trials that included:
Women with a history of ovarian cancer.
•
Women with an elevated risk of ovarian cancer based on a proven gene germline
•
mutation such as BRCA 1/2 mutation carriers.
Women who have undergone previous bilateral oophorectomy.
•
Women who have undergone previous bilateral salpingectomy.
•
The exclusion of women with a proven BRCA 1/2 gene germline mutation is important
since there are limited data available to suggest that mutation carriers may undergo
an earlier menopause than the general population.18 Moreover, this review focusses on
the effect of an opportunistic intervention. The life-time risk of BRCA 1/2 gene germline
mutation carriers is of such magnitude that it warrants prophylactic surgery rather
than opportunistic surgery.
Types of interventions
We considered both RCTs and non-RCTs that compared hysterectomy with opportunistic
salpingectomy to hysterectomy without opportunistic salpingectomy to be eligible for
inclusion.
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Types of outcome measures
Primary outcomes
For RCTs and non-RCTs
Incidence of epithelial ovarian cancer
•
Epithelial ovarian cancer is defined as a pathologically confirmed diagnosis
•
derived from the ovary or Fallopian tube.
For RCTs
•
Surgery-related adverse event
•
Intraoperative complications (including injuries to the bladder, ureters,
intestines, blood vessels, nerves and excessive blood loss).
Short-term postoperative complications (including vascular, wound,
•
gastrointestinal, neurological, respiratory and urinary tract complications).
•
Ovarian reserve, measured by postoperative hormonal status
Preferably by assessment of the difference between pre- and postoperative
•
Anti-Müllerian Hormone (∆AMH) concentrations, or where possible, of the
postoperative value statistically adjusted for the preoperative value.19,20 If AMH
was not available, we used the difference in postoperative AMH value between
intervention and control.
Secondary outcomes
For RCTs
•
Total surgical time.
•
Estimated blood loss.
•
Conversion rate to open surgery (applicable only to laparoscopic and vaginal
approaches).
•
Duration of hospital admission.
•
Menopause-related symptoms.
•
Quality of life.
Search methods for identification of studies
We searched for all published and unpublished studies investigating opportunistic
salpingectomy during hysterectomy for benign disease in consultation with On Ying
Chan (Radboud University Information Specialist) and Marian Showell (Cochrane
Gynaecology and Fertility (CGF) Group Information Specialist).
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Electronic searches
We searched for papers published in all languages and, where necessary, obtained
translations. We searched the following databases, from their inception until 8 January
2019:
Cochrane Gynaecology and Fertility Group (CGF) Specialised Register of Controlled
•
Trials, searched 8 January 2019, PROCITE platform (Supplementary methods 1).
Cochrane Central Register of Controlled Trials via CENTRAL Register of Studies Online
•
(CRSO), searched 8 January 2019, Web platform (Supplementary methods 2).
MEDLINE (Epub Ahead of Print, In-Process & other Non-indexed Citations), searched
•
from 1946 to 8 January 2019, Ovid platform (Supplementary methods 3).
Embase, searched from 1980 to 8 January 2019, Ovid platform (Supplementary
•
methods 4).
PsycINFO, searched from 1806 to 8 January 2019, Ovid platform (Supplementary
•
methods 5).
CINAHL, searched from 1961 to 8 January 2019, Ebsco platform (Supplementary
•
methods 6).
Additionally, we searched trial registries for ongoing and registered trials in January
2019; web platform (Supplementary methods 7):
Clinicaltrials.gov (a service of the US National Institutes of Health).
•
Who.int/trialsearch/default.aspx (the World Health Organization International Trials
•
Registry Platform search portal).
Searching other resources
We hand-searched the reports of conferences from the following sources: ESGO
(European Society of Gynaecological Oncology), SGO (Society of Gynecological
Oncology), ESHRE (European Society of Human Reproduction and Embryology), EMAS
(European Menopause and Andropause Society) and IMS (International Menopause
Society). To identify additional trials, we hand-searched the reference lists of all relevant
trials obtained by the initial search to identify additional trials. We limited the search to
articles and reports published since 1997, as the Fallopian tube has been considered as
the origin of epithelial ovarian cancer only since 2001.9
Data collection and analysis
Selection of studies
We imported titles and abstracts retrieved by the search into the reference manager
database Covidence.21 Two review authors (LvL, MS) independently screened the
references and checked them for duplicates. The same two review authors (LvL, MS)
obtained full text versions of potentially relevant studies and independently assessed
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them for eligibility. Disagreements were resolved by discussion and, where necessary,
by consultation with a third review author (JW). We documented the selection process,
including reasons for exclusion, in a PRISMA flow chart.22
Where the judgement of a review author could be biased due to a conflict of interest,
one of the other review authors assessed that particular study. In this case, LvL and JP
were authors of one of the eligible studies. Therefore, MS and JW assessed this trial
for eligibility.
Data extraction and management
We used a predesigned data extraction form based on the Cochrane Handbook for
Systematic Reviews of Interventions for the extraction of relevant data from included
trials.23 Prior to data extraction, three review authors (LvL, MS, JW) performed an
independent trial run of the data extraction form on a sample of studies. Three review
authors (LvL, MS, JW) independently extracted data on the number of participants,
characteristics of participants, characteristics of the intervention with and without
opportunistic salpingectomy, study quality, duration of follow-up and outcomes. Any
disagreements were resolved by discussion. We attempted to retrieve missing data by
contacting the study authors. For studies with multiple publications, we collated multiple
reports of the same study so that each study, rather than each report, was the unit of
interest in the review. We assigned these studies a single study identifier.
Assessment of risk of bias in included studies
Three review authors (JW, MS, LvL) independently assessed the methodological quality
of the included studies; disagreements were resolved by discussion.
For non-randomised studies, we planned to assess the likelihood of bias according
to the ROBINS-I (a tool for assessing the risk of bias in non-randomised studies of
interventions).24 We defined the hypothetical ’target’ trial necessary for the use of
the ROBINS-I as a large RCT in which women would be allocated to the intervention
group (i.e. hysterectomy with opportunistic salpingectomy) or the control group (i.e.
hysterectomy without opportunistic salpingectomy). Baseline information on both
groups should have included age, parity, the use of oral contraceptives and surgical
history. During a follow-up period of at least 40 years, family history (breast and ovarian
cancer), age at menopause, use of oral contraceptives, abdominal surgery and the
occurrence of epithelial ovarian cancer should have been documented. If a participant
was diagnosed with epithelial ovarian cancer, data on age at diagnosis, tumour stage
and histology of the primary tumour should have been collected.
We planned to assess eligible studies for bias due to confounding, selection of
participants, classification of interventions, missing data, measurement of outcomes
and selection of the reported result. The following domains were identified as potential
71

4

Chapter 4

confounders, which therefore should preferably be similar among study groups, or else
suitably controlled using statistical methods: age, parity, family history of ovarian or
breast cancer, use of oral contraception and history of tubal ligation. We identified no
cointerventions that could potentially confound the results. Confounding might result in
considerable heterogeneity between studies and requires adequate methods to control
for it, such as stratification of regression modelling with propensity scores or covariates.
We planned to assess the appropriateness and quality of these methods critically. We
planned to compare non-RCTs to their published protocol, where available, to assess
selective or incomplete reporting.
We assessed the risk of bias in randomised studies with Cochrane’s ‘Risk of bias’
assessment tool, and included the following domains: random sequence generation,
allocation concealment, incomplete outcome data and selective reporting.25 Where
available, we compared the published protocols of selected studies to the reported
outcomes so as to assess selective or incomplete reporting bias.
Measures of treatment effect
For non-RCTs, we planned to extract and report both unadjusted and adjusted effect
estimates. For cohort studies, we planned to calculate a hazard ratio (HR). We expected
there to be a long duration of follow-up for the epithelial ovarian cancer outcome, which
could have resulted in selection bias over time. Therefore, we planned to calculate HRs
for different time points. For case-control studies, we planned to calculate odds ratios
(ORs) with 95% confidence intervals (CIs) by extracting the number of participants
in each treatment arm that experienced the outcome of interest, and the number of
participants assessed per outcome.
For dichotomous data extracted from RCTs (i.e. adverse surgical events), we calculated
ORs with 95% CIs. For continuous data (i.e. postoperative hormonal status), we
estimated mean differences (MDs) with 95% CIs for variables with a normal distribution
where the same measure was used to assess the outcome. Where the included studies
used different measures to assess the same outcome, we used the standardised mean
difference (SMD). For skewed continuous variables, we extracted mean values and
standard deviations. As a sensitivity analysis, we transformed skewed data prior to
meta-analysis according to method 1 as presented by Higgins, which does not assume
a common standard deviation in the two groups.26
If the data necessary to calculate ORs or MDs were not available, we made use of the
most detailed numerical data available that facilitated similar analyses of included
studies. In addition, we attempted to retrieve missing data by contacting the study
authors.
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Unit of analysis issues
The primary analysis was performed per woman included in the studies.
Dealing with missing data
For non-RCTs, we planned to conduct sensitivity analyses to assess how robust our
conclusions were to assumptions about missing data.27
For RCTs, we analysed the retrieved data according to the intention-to-treat principle
as far as possible. For analyses of adverse events, we defined women dropping out
post randomisation but prior to surgery as not having the event. For the outcome
’post-operative hormonal status’, it is not straightforward to perform an intention-totreat analysis in the presence of dropouts, without access to the individual participant
data from the trial. In case of missing data, we contacted the original researchers in
an attempt to obtain the missing data. Where these attempts did not provide us with
extra data, we only made use of the available data.
Assessment of heterogeneity
For non-RCTs, we expected heterogeneity, and thus we planned to base our assessment
of heterogeneity on consideration of the different study designs and analysis details.
To examine whether meta-analysis was possible for RCTs, we assessed the statistical
heterogeneity of the included studies using the I2 statistic. An I2 value of 50% or
higher was considered as indicating substantial heterogeneity. We also considered the
similarity of the protocols, since meta-analysis is not a sensible option when the trial
characteristics are disparate.
Assessment of reporting biases
In view of the difficulty of detecting and correcting for publication bias and other
reporting biases, we aimed to minimise their potential impact through the performance
of an extensive search for eligible studies and by being alert for the duplication of
data. If there were 10 or more studies in an analysis, we planned to use a funnel plot
to explore the possibility of small study effects (the tendency for estimates of the
intervention effect to be more beneficial in smaller studies). To prevent language
bias, we did not exclude any studies based on language. If the studies proved to be
exceptionally difficult to translate, we asked the authors to provide a summary of their
methods and results. We compared the studies, authors and their affiliations so as to
avoid multiple publication bias.
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Data synthesis
When we considered the selected studies to be similar enough for meta-analysis, we
combined the data using a fixed-effect model. We made the following comparisons:
Incidence of epithelial ovarian cancer after hysterectomy with opportunistic
•
salpingectomy versus incidence of epithelial ovarian cancer after hysterectomy
without opportunistic salpingectomy.
Surgical outcomes of hysterectomy with opportunistic salpingectomy versus
•
hysterectomy without opportunistic salpingectomy.
Ovarian reserve after hysterectomy with opportunistic salpingectomy versus
•
hysterectomy without opportunistic salpingectomy.
Subgroup analysis and investigation of heterogeneity
Where possible, depending on the availability of the data, we planned to perform the
following subgroup analyses:
Effect of opportunistic salpingectomy on the incidence of epithelial ovarian cancer
•
in the following subgroups:
Premenopausal versus postmenopausal women.
•
Effect of opportunistic salpingectomy on the incidence of epithelial ovarian cancer
•
in the following subgroups:
Nulliparous versus parous women.
•
Incidence of epithelial ovarian cancer in:
•
Women who have a history of tubal ligation versus women who have no history
•
of tubal ligation.
Incidence of surgery-related adverse events depending on surgical approach:
•
Abdominal approach versus laparoscopic approach.
•
Vaginal approach versus laparoscopic approach.
•
Abdominal approach versus vaginal approach.
•
Sensitivity analysis
We conducted sensitivity analyses for the primary outcomes to determine whether the
review conclusion would remain the same if:
Eligibility had been restricted to studies without high risk of bias (which we defined
•
as those with no high risk of bias in any domain).
A random-effects model had been adopted.
•
Non-RCTs had been excluded (only applicable if RCTs have been included).
•
Where individual participant data were available, we used multiple imputation
according to Sterne so that all randomised women were included in the estimate for
that specific study, to assess whether imputation of missing data made a difference
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in our outcome.28 We included age, preoperative value, the surgeon performing the
procedure, treatment allocation, and treatment received in the imputation model, and
used a chained equations approach as implemented in the mi package in R.29,30
In addition, we made the post-hoc decision to conduct a complier analysis for the
postoperative hormonal status outcome, using available individual participant data.
This analysis estimates the effect of undergoing, rather than of simply being allocated
to, hysterectomy with opportunistic salpingectomy compared to hysterectomy
without opportunistic salpingectomy. This seemed appropriate in light of nontrivial
rates of noncompliance in the studies. We used an instrumental variable approach as
implemented in the ivregress command implemented in Stata.31
Overall quality of the body of evidence: ’Summary of findings’ table
We prepared a ’Summary of findings’ table using GRADEpro and Cochrane methods.32
This table evaluates the overall quality of the body of evidence for the main review
outcomes (incidence of epithelial ovarian cancer, surgery-related adverse events
and postoperative hormonal status) for the main review comparison (hysterectomy
with opportunistic salpingectomy versus hysterectomy without opportunistic
salpingectomy). If appropriate, we planned to prepare additional ’Summary of
findings’ tables for the main review outcomes of other important comparisons
(premenopausal versus postmenopausal women, nulliparous women versus parous
women, women with a history of tubal ligation versus women with no history of tubal
ligation, abdominal approach versus laparoscopic approach, vaginal approach versus
laparoscopic approach and abdominal approach versus vaginal approach). We assessed
the quality of the evidence using the GRADE criteria: risk of bias, consistency of effect,
imprecision, indirectness and publication bias. Two review authors (LvL, JW) working
independently made judgements about the evidence quality (high, moderate, low or
very low); disagreements were resolved by discussion and the consultation of a third
review author (MS). We justified, documented and incorporated all judgements into the
report of results for each outcome.
We extracted study data, formatted our comparisons in data tables and prepared a
’Summary of findings’ table before writing the results and conclusions of our review.
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Results
Description of studies
Results of the search
In total, we identified 3866 records for screening after the removal of duplicate studies.
After screening the title/abstract and full text, 10 RCTs were eligible for inclusion. We
found no suitable non-RCTs. Three of these eligible studies were still recruiting women
and therefore not available for analysis (Supplementary table 2). The selection
process is summarised in a PRISMA flow chart (Figure 1).
Included studies
Study design and setting
We included a total of seven studies in this review: Behnamfar 2017, Findley 2013,
Popov 2015, Sezik 2007, Song 2016, Tehranian 2017 and van Lieshout 2018.33–39 Three
ongoing studies were still recruiting women and therefore results were not yet available:
NCT03045965, NCT02086344 and NCT01628432.40–42 Six studies were published in
English and one study was published in Russian (Popov 2015). An overview of the included
studies is presented in Supplementary table 1. We attempted to contact the authors
of six studies for additional information (Behnamfar 2017, Chen 2018, Popov 2015, Sezik
2007, Song 2016, Tehranian 2017) which yielded a response and additional data from two
(Popov 2015, Sezik 2007), and no response from four authors (Behnamfar 2017, Chen
2018, Song 2016, Tehranian 2017).33,35–38,43 Individual participant data were available for
van Lieshout 2018 as two trial authors also took part in the writing of this review.39
Participants
In all included studies only premenopausal participants were eligible for participation.
•
Behnamfar 2017 included 40 women planning to undergo a hysterectomy for
benign reasons. Eighteen women with a mean age of 48.5 (standard deviation (SD)
2.03) years were randomly allocated to the intervention group (with opportunistic
salpingectomy) and 22 women with a mean age of 47.7 years (SD 3.03) were
randomly allocated to the control group (without opportunistic salpingectomy).33
•
Findley 2013 included 30 women who were undergoing elective laparoscopic
hysterectomy with planned preservation of the ovaries for benign indications. The
mean age of participants was 37.2 (SD 4.7) years and 15 women were allocated to
each group (i.e. intervention and control).34
•
Popov 2015 included 54 women planning to undergo a laparoscopic hysterectomy.
Twenty-nine women with a mean age of 44 years were allocated to the intervention
group and 25 women with a mean age of 45 years were allocated to the control
group.35
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Figure 1. Study flow diagram.
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•

•

•

•

Sezik 2007 included 24 women scheduled for hysterectomy without oophorectomy.
In each group 12 women were included with a mean age of 41.6 (SD 1.7) years in the
intervention group and 41.1 (SD 1.4) years in the control group.36
Song 2016 included 68 women planning to undergo laparoscopic hysterectomy for
benign uterine diseases. In each group, 34 women were included with a median
age of 43 (interquartile range (IQR) 41–47) years in the intervention group and 44
(IQR 41–46) years in the control group.37
Tehranian 2017 included 30 premenopausal women undergoing abdominal
hysterectomy for non-malignant gynaecologic disease with preservation of the
ovaries. In each group 15 women were included with a median age of 39.8 (SD 3.72)
years in the intervention group and 40.5 (SD 3.02) in the control group.38
van Lieshout 2018 included 104 women with an indication for either laparoscopic
or abdominal hysterectomy for benign indications (such as fibroids or bleeding
disorders). In each group 52 women were included with a median age of 44.5 (IQR
41.3–46.8) years in the intervention group and 44.0 (IQR 42.3–48.0) years in the
control group.39

A detailed description of participants per study is provided in Supplementary table 1.
Interventions
In all studies, hysterectomies were performed with or without opportunistic
salpingectomy. One study did not specify which approach for hysterectomy was used
(Behnamfar 2017).33 In three studies only laparoscopic hysterectomies (Findley 2013,
Popov 2015, Song 2016), in two studies only abdominal hysterectomies (Sezik 2007,
Tehranian 2017), and in one study (van Lieshout 2018), both laparoscopic and abdominal
hysterectomies were performed.34–39
Outcomes
Primary outcomes
•
Incidence of epithelial ovarian cancer:
•
None of the included studies assessed this outcome measure.
•
Surgery-related adverse events:
•
Intraoperative complications: five studies described the occurrence of
salpingectomy-related intraoperative complications (Findley 2013, Popov
2015, Song 2016, Tehranian 2017, van Lieshout 2018), such as excessive blood
loss.34,35,37–39
•
Short-term postoperative complications: three studies described the
occurrence of short-term postoperative complications (Findley 2013, Popov
2015, Song 2016), such as vaginal vault bleeding.34,35,37
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Postoperative hormonal status:
Seven studies investigated postoperative hormonal status (Behnamfar 2017,
•
Findley 2013, Popov 2015, Sezik 2007, Song 2016, Tehranian 2017, van Lieshout
2018), of which five studies were by the preferred method; AMH (Findley 2013,
Popov 2015, Song 2016, Tehranian 2017, van Lieshout 2018).33–39 Four studies
included (additional) measurements (Behnamfar 2017, Popov 2015, Sezik 2007,
Tehranian 2017), for example follicle stimulating hormone (FSH), luteinising
hormone (LH) and estradiol.33,35,36,38

Secondary outcomes
Total surgical time:
•
Five studies assessed total surgical time (Findley 2013, Popov 2015, Song 2016,
•
Tehranian 2017, van Lieshout 2018).34,35,37–39
•
Estimated blood loss:
•
Five studies assessed estimated blood loss (Findley 2013, Popov 2015, Song
2016, Tehranian 2017, van Lieshout 2018).34,35,37–39
•
Conversion rate to open surgery (applicable only to laparoscopic and vaginal
approaches):
•
Two studies assessed conversion rate to open surgery (Song 2016, van
Lieshout 2018).37,39
•
Duration of hospital admission:
•
Three studies assessed duration of hospital admission (Popov 2015, Song 2016,
van Lieshout 2018).35,37,39
•
Menopause-related symptoms:
•
None of the included studies assessed menopause-related symptoms.
•
Quality of life:
•
One study assessed quality of life (Popov 2015), measured by the use of the
36-Item Short Form Survey (SF-36).35
Excluded studies
We excluded 109 studies from the review, for the following reasons:
•
Fifty-nine out of 109 studies were not RCTs or eligible non-RCTs (study design did
not meet the inclusion criteria).
•
Four out of 109 studies had a study population that was not of interest to this
review.
•
Twenty-three out of 109 studies did not compare hysterectomy with salpingectomy
to hysterectomy without opportunistic salpingectomy (did not investigate the
intervention of interest to this review).
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•

•

Four out of 109 studies did not compare hysterectomy with salpingectomy
to hysterectomy without opportunistic salpingectomy (did not compare the
intervention to a comparator of interest to this review).
Nineteen out of 109 studies did not report outcomes of interest to this review.

We excluded four large cohort studies which investigated the incidence of ovarian
cancer after opportunistic salpingectomy. All trials investigated opportunistic
salpingectomy either during a variety of surgeries or as a sterilisation method. However,
none had specific data available on opportunistic salpingectomy in combination with
hysterectomy (Chen 2018, Falconer 2015, Lessard-Anderson 2014, Madsen 2015).43–46
Two other trials appeared suitable but we excluded them after contact with the author
(Wierrani 1993), or the translation revealed them to be non-randomised (Yi 2012), and
they did not report on the incidence of ovarian cancer.47,48
Risk of bias in included studies
Allocation
Sequence generation
We rated four studies at low risk of selection bias related to sequence generation as
they used computer randomisation or a random numbers table (Findley 2013, Song
2016, Tehranian 2017, van Lieshout 2018).34,37–39 The other three studies did not describe
the method used (Behnamfar 2017, Popov 2015, Sezik 2007), and thus we rated them
at unclear risk of bias.33,35,36
Allocation concealment
Four studies described methods of allocation concealment and we rated them at
low risk of selection bias related to allocation concealment (Findley 2013, Song 2016,
Tehranian 2017, van Lieshout 2018). 34,37–39 The other three studies did not, or not
sufficiently, describe their methods and thus we rated them at unclear risk of bias
(Behnamfar 2017, Popov 2015, Sezik 2007).33,35,36
Incomplete outcome data
We considered two studies to be at low risk of attrition bias as they analysed all, or
most, women randomised (Popov 2015, Sezik 2007).35,36 We rated Song 2016 at unclear
risk of attrition bias as the sample size was retrospectively amended in the protocol
and four studies at high risk of attrition bias due to substantial loss to follow-up (> 10%)
(Behnamfar 2017, Findley 2013, Tehranian 2017, van Lieshout 2018).33,34,38,39
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Selective reporting
Two studies reported the outcomes according to protocol and thus we judged them
at low risk of reporting bias (Findley 2013, van Lieshout 2018).34,39 We judged three
studies at unclear risk of reporting bias as two studies were not registered in a clinical
trial registry (Popov 2015, Sezik 2007), and one study was not registered until after
completion of the trial (Tehranian 2017).35,36,38 Two studies were rated at high risk of
reporting bias: one study listed AMH as an outcome in the protocol but did not mention
it in the report (Behnamfar 2017), and one study changed the primary outcome
retrospectively in the trial register from AMH to change in AMH (Song 2016).33,37
Other potential sources of bias
Unequal distribution of (experienced) surgeons among the study groups could result
in bias. None of the studies reported on possible surgeon effects. Due to the availability
of individual participant data from the van Lieshout 2018 trial, we performed additional
analysis adjusting for a possible surgeon effect in this study.39 For other studies this was not
possible, therefore we rated these studies at unclear risk of other potential sources of bias.
A general overview of risk of bias of included studies is presented in the ’Risk of bias’
summary (Figure 2), a more detailed overview per study is given in the ’Risk of bias’
graph (Figure 3).

Figure 2. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each
included study.
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Table 1. Summary of findings table for the main comparison.
Hysterectomy with opportunistic salpingectomy compared with hysterectomy without
opportunistic salpingectomy for ovarian cancer prevention
Patient or population: Premenopausal women undergoing hysterectomy for benign
gynaecological indications.
Settings: Secondary and tertiary care.
Intervention: Hysterectomy with opportunistic salpingectomy.
Comparison: Hysterectomy without opportunistic salpingectomy.
Outcomes

Illustrative comparative
risk* (95% CI)

Relative effect
(95% CI)

Assumed risk

Corresponding risk

Hysterectomy without
opportunistic salpingectomy

Hysterectomy with
opportunistic salpingectomy

Incidence of epithelial
ovarian cancer

-

-

Surgery-related
adverse events:
intraoperative complications

21 per 1000

7 fewer per 1000
(19 fewer to 29 more)

Surgery-related adverse
events: short-term
postoperative complications

27 per 1000

23 fewer per 1000
(27 fewer to 29 more)

Postoperative hormonal
status
(AMH) pmol/L

3.59 to 13.00 pmol/L

The mean postoperative
AMH value in the intervention
groups was 0.94 lower (1.89
lower to 0.01 higher)

* The basis for the assumed risk (e.g. the median control group risk across studies) is provided
under the heading ’Hysterectomy without opportunistic salpingectomy’ and is based on results from
included studies. The corresponding risk (and its 95% confidence interval) is based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% CI).
AMH: Anti-Müllerian hormone. CI: confidence interval. OR: odds ratio. RCT: randomised controlled trial.
GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate. Low quality: further research is very likely to have
an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.
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No of
participants
(studies)

Quality of
the evidence
(GRADE)

Comments

-

0
(0 studies)

-

OR 0.66
(0.11–3.94)

104
(1 RCT)

OR 0.13
(0.01–2.14)

68
(1RCT)

-

283
(5 RCTs)

4

⊕⚪⚪⚪

VERY LOWa,b,c
⊕⚪⚪⚪

VERY LOWa,b,c
⊕⊕⚪⚪
LOWd,e

No studies reported on cancer incidence after
hysterectomy with opportunistic salpingectomy
compared to hysterectomy without opportunistic
salpingectomy.
Five studies reported on this outcome, but due
to the low complication rate of hysterectomy in
general, four studies reported no adverse events.
Three studies reported on this outcome, but due
to the low complication rate of hysterectomy in
general, two studies reported no adverse events.
The maximum possible decline (the lower limit of
the 95% CI) corresponds to the natural decline
of AMH concentration of approximately 6 to 20
months depending on age.

Downgraded 1 level for imprecision; total number of observed events was very low.
Downgraded 1 level for limitations of study design; unclear definitions of adverse events.
c
Downgraded 1 level for risk of bias; although multiple RCTs reported on this outcome, all events
occurred in 1 study.
d
Downgraded 1 level for risk of bias; incomplete outcome data in a majority of the trials.
e
Downgraded 1 level for inconsistency; postoperative AMH concentration measured between 3 to
6 months postoperatively.
a

b
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Figure 3. ’Risk of bias’ graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.

Effects of interventions
See Table 1. Summary of findings for the main comparison: Hysterectomy with
opportunistic salpingectomy compared with hysterectomy without opportunistic
salpingectomy for ovarian cancer prevention.
I Hysterectomy with bilateral salpingectomy versus hysterectomy without bilateral
salpingectomy
Primary outcomes
1.1 Incidence of epithelial ovarian cancer
No studies reported on the incidence of epithelial ovarian cancer after hysterectomy
with opportunistic salpingectomy compared to hysterectomy without opportunistic
salpingectomy.
1.2. Surgery-related adverse events
1.2.1 Intraoperative complications
Due to the small number of observed events (5 events in total), we found insufficient
evidence to determine if there was a difference in risk of intraoperative complications
when comparing hysterectomy with opportunistic salpingectomy to hysterectomy without
opportunistic salpingectomy (odds ratio (OR) 0.66, 95% Confidence Interval (95% CI)
0.11–3.94, I2=0%, 5 studies, 286 participants, very low-quality evidence). This means that,
if 55 out of 1000 women having hysterectomy without opportunistic salpingectomy
have intraoperative complications, then between 6 and 177 out of 1000 women having
hysterectomy with opportunistic salpingectomy would be expected to have intraoperative
complications (Figure 4, Supplementary analysis 1.1).
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Only one RCT of five in the analysis found any adverse events. However, this demonstrates
that intraoperative adverse events are rare, both in women undergoing hysterectomy with
opportunistic salpingectomy (where 2 out of 145 had an adverse event) and in women
undergoing hysterectomy without opportunistic salpingectomy (where 3 out of 141 had
an adverse event).
1.2.2 Short-term postoperative complications
Due to the small number of observed events (2 events), there was insufficient evidence
to determine if there was a difference in risk of short-term postoperative complications
when comparing hysterectomy with opportunistic salpingectomy to hysterectomy without
opportunistic salpingectomy (OR 0.13, 95% CI 0.01–2.14, I2=0%, 3 studies, 152 participants,
very low-quality evidence). This means that, if 59 out of 1000 women having hysterectomy
without opportunistic salpingectomy have short-term postoperative complications,
then between one and 118 out of 1000 women having hysterectomy with opportunistic
salpingectomy would be expected to have short-term postoperative complications
(Figure 4, Supplementary analysis 1.1).
Only one RCT of three in the analysis found any adverse events. However, this demonstrates
that short-term postoperative adverse events are rare, both in women undergoing
hysterectomy with opportunistic salpingectomy (where none out of 78 had an adverse
event) and in women undergoing hysterectomy without opportunistic salpingectomy
(where 2 out of 74 had an adverse event).
1.3. Postoperative hormonal status
1.3.1 Anti-Müllerian hormone (AMH)
The results were compatible with no difference, or with a reduction in AMH that would
not be clinically significant (mean difference (MD) -0.94, 95% CI -1.89–0.01, I2=0%,
5 studies, 283 participants, low-quality evidence). A reduction in AMH would be
unfavourable, but due to wide CIs, the postoperative change in AMH can still vary from a
substantial decrease to even a slight increase (Figure 5, Supplementary analysis 1.2).
As our protocol did not account for a difference in duration of follow-up for hormone
measurements, we performed a post-hoc analysis per reported time point; one
study reported AMH four to six weeks after surgery (MD -1.57, 95% CI -11.09–7.95, 1
study, 23 participants, Findley 2013), four studies reported AMH three months after
surgery (MD -1.16, 95% CI -2.89–0.56, 4 studies, 179 participants, Findley 2013, Popov
2015, Song 2016, Tehranian 2017), and one study reported AMH six months after
surgery (MD -0.65, 95% CI -2.00–0.70, 1 study, 104 participants, van Lieshout 2018,
Supplementary analysis 1.3).34,35,37–39
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Figure 4. Forest plot of comparison: 1 Hysterectomy with opportunistic salpingectomy versus hysterectomy
without opportunistic salpingectomy, outcome: 1.1 Surgery-related adverse events. With OS: hysterectomy
with opportunistic salpingectomy; without OS: hysterectomy without opportunistic salpingectomy

Figure 5. Forest plot of comparison: 1 Hysterectomy with opportunistic salpingectomy versus
hysterectomy without opportunistic salpingectomy, outcome: 1.2 Postoperative hormonal status
(AMH). With OS: hysterectomy with opportunistic salpingectomy; without OS: hysterectomy without
opportunistic salpingectomy.

1.3.2 Follicle stimulating hormone (FSH)
We found no evidence for a difference in postoperative FSH values; we are uncertain
if the addition of opportunistic salpingectomy to hysterectomy may affect FSH (MD
-0.59, 95%CI -1.58–0.40, I2=29%, 4 studies, 145 participants, low-quality evidence). This
means there could be a reduction as large as 1.58 IU/L or an increase as large as 0.40
IU/L (Supplementary analysis 1.4).
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We performed a post-hoc analysis per reported time point; one study reported FSH
one month after surgery (MD -1.00, 95% CI -2.28–0.28, 1 study, 24 participants, Sezik
2007), two studies reported FSH three months after surgery (MD 0.24, 95% CI -1.18–
1.66, two studies, 84 participants, Popov 2015, Sezik 2007, Tehranian 2017), and two
studies reported FSH six months after surgery (MD -1.27, 95% CI -2.62–0.08, 2 studies, 61
participants, Behnamfar 2017, Sezik 2007, Supplementary analysis 1.5).33,35,36,38 These
results are in line with the possibility of a slight change in FSH concentration after
hysterectomy with opportunistic salpingectomy compared to hysterectomy without
opportunistic salpingectomy, although considerable uncertainty remains at each time
point.
1.3.3 Luteinising hormone (LH)
There was no evidence for a difference in postoperative LH values; the addition of
opportunistic salpingectomy to a hysterectomy may result in an indeterminate
change in LH (MD -0.73, 95% CI -2.14–0.68, I2=27%, 3 studies, 115 participants, lowquality evidence). This means that there could be a reduction as large as 2.14 IU/L or
an increase as large as 0.68 IU/L (Supplementary analysis 1.6).
We performed a post-hoc analysis per reported time point; one study reported LH one
month after surgery (MD -0.40, 95% CI -1.84–1.04, 1 study, 24 participants, Sezik 2007),
one study reported LH three months after surgery (MD 1.37, 95% CI -7.69–10.43, 1 study,
54 participants, Popov 2015), and two studies reported LH six months after surgery
(MD -0.78, 95% CI -2.21–0.65, 2 studies, 61 participants, Behnamfar 2017, Sezik 2007,
Supplementary analysis 1.7).33,35,36 These results are in line with the possibility of a
slight change in LH concentration after hysterectomy with opportunistic salpingectomy
compared to hysterectomy without opportunistic salpingectomy, although considerable
uncertainty remains at each time point.
1.3.4 Estradiol
There was no evidence for a difference in postoperative estradiol values, but
the addition of opportunistic salpingectomy to a hysterectomy may result in
an indeterminate change in estradiol (MD 4.51, 95% CI -28.96–37.38, I2=0%,
2 studies, 78 participants, very low-quality evidence). This means that there
could be a reduction as large as 8.08 IU/L or an increase as large as 10.16 IU/ L
(Supplementary analysis 1.8).
We performed a post-hoc analysis per reported time point: one study reported
estradiol one month after surgery (MD -5.00, 95% CI -41.46–31.46, 1 study, 24
participants, Sezik 2007), one study reported estradiol three months after surgery
(MD 62.22, 95% CI -296.14–420.58, 1 study, 54 participants, Popov 2015) and one
study reported estradiol six months after surgery (MD 4.00, 95% CI -29.62–37.62, 1
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study, 24 participants, Sezik 2007, Supplementary analysis 1.9). 35,36 These results
are in line with the possibility of an indeterminate change in Estradiol concentration
after hysterectomy with opportunistic salpingectomy compared to hysterectomy
without opportunistic salpingectomy, although considerable uncertainty remains
at each time point.
A summary of important primary outcomes is presented in Table 1. Summary of
findings for the main comparison.
Secondary outcomes
Total surgical time
We found no evidence for a difference in total surgical time between women
undergoing hysterectomy with opportunistic salpingectomy and women
undergoing hysterectomy without opportunistic salpingectomy (MD 0.35 min,
95% CI -6.64–7.33, I 2=64%, 5 studies, 286 participants, low-quality evidence,
Supplementary analysis 1.10).
Estimated blood loss
For estimated blood loss, we found no evidence for a difference between
women undergoing hysterectomy with opportunistic salpingectomy and women
undergoing hysterectomy without opportunistic salpingectomy (MD -3.25 mL,
95% CI -16.09–9.59, I2=13%, 5 studies, 286 participants, moderate-quality evidence,
Supplementary analysis 1.11).
Conversion rate to open surgery
We found no evidence for a difference in conversion rate to open surgery
between women undergoing hysterectomy with opportunistic salpingectomy
and women undergoing hysterectomy without opportunistic salpingectomy
(OR 0.66, 95% CI 0.11–3.94, 2 studies, 172 participants, low-quality evidence,
Supplementary analysis 1.12).
Duration of hospital admission
For the duration of hospital admission, we found no evidence for a difference
between women undergoing hysterectomy with opportunistic salpingectomy
compared to women undergoing hysterectomy without opportunistic salpingectomy
(MD -0.02 days, 95% CI -0.22–0.17, I2=10%, 3 studies, 226 participants, moderatequality evidence, Supplementary analysis 1.13).
Menopause-related symptoms
No studies reported on the incidence of objectified menopause-related symptoms.
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Quality of life
Mental health
One study reported mental health with use of the SF-36 (MD -1.32, 95% CI -5.00–
2.36, 1 study, 54 participants, very low-quality evidence, Popov 2015).35 Hysterectomy
with opportunistic salpingectomy might result in a minor decrease in mental
health as measured by the SF-36, compared to hysterectomy without opportunistic
salpingectomy. This means the SF-36 score could decrease by as much as 5.00 points or
increase by as much as 2.36 points out of a maximum of 100 points after hysterectomy
with opportunistic salpingectomy compared to hysterectomy without opportunistic
salpingectomy (Supplementary analysis 1.14).
Physical health
One study reported physical health with use of the SF-36 (MD -1.01, 95% CI -4.29–2.27,
1 study, 54 participants, very low-quality evidence, Popov 2015).35 Hysterectomy with
opportunistic salpingectomy might result in a minor decrease in physical health as
measured by the SF-36, compared to hysterectomy without opportunistic salpingectomy.
This means the SF-36 score could decrease by as much as 4.29 points or increase by
as much as 2.27 points (out of a maximum of 100 points) if salpingectomy was added
to hysterectomy (Supplementary analysis 1.14).
Subgroup analysis
1. Effect of opportunistic salpingectomy on the incidence of epithelial ovarian cancer in
the following subgroups
•
Premenopausal versus postmenopausal women:
•
No studies reported on the incidence of epithelial ovarian cancer.
2. Effect of opportunistic salpingectomy on the incidence of epithelial ovarian cancer
in the following subgroups
•
Nulliparous versus parous women:
•
No studies reported on the incidence of epithelial ovarian cancer.
3. Incidence of epithelial ovarian cancer
•
Women who have a history of tubal ligation versus women who have no history
of tubal ligation:
•
No studies reported on the incidence of epithelial ovarian cancer.
4. Incidence of surgery-related adverse events depending on surgical approach
We originally planned to make three comparisons: abdominal versus laparoscopic
approach, vaginal versus laparoscopic approach, and abdominal versus vaginal
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approach. However, none of the studies reported on the incidence of adverse events
after vaginal approach as most studies focused either on abdominal (Tehranian 2017),
or laparoscopic (Findley 2013, Popov 2015, Song 2016), or included both abdominal
and laparoscopic hysterectomies (van Lieshout 2018), limiting our subgroup analysis
to abdominal versus laparoscopic hysterectomy.34,35,37–39
For intraoperative adverse events, four trials reported on laparoscopic hysterectomy
(Findley 2013, Popov 2015, Song 2016, van Lieshout 2018) and two trials reported
on abdominal hysterectomy (Tehranian2017, van Lieshout 2018).34,35,37–39 One single
study (van Lieshout 2018), reported any adverse events.39 We found no evidence for
a difference in incidence of intraoperative adverse events between the abdominal
(OR 0.38, 95%CI 0.05–2.82, 2 studies, 109 participants, very low-quality evidence) and
laparoscopic (OR 6.80, 95%CI 0.13–343.88, 4 studies, 175 participants, very low-quality
evidence) approach. Four out of five adverse events were reported after abdominal
hysterectomies and one adverse event was reported after laparoscopic hysterectomy
(Supplementary analysis 2.1).
Three trials reported on short-term postoperative adverse events (Findley 2013, Popov
2015, Song 2016).34,35,37 As all three studies focused on the laparoscopic approach,
subgroup analysis was not possible.
Sensitivity analysis
1. Eligibility restricted to studies without high risk of bias (which we define as those with
no high risk of bias in any domain)
We classified two trials as not being at ’high risk of bias’ in any domain (Popov 2015,
Sezik 2007).35,36 However, even though these trials did not classify as ’high risk of bias’ in
any domain, we judged them at unclear risk of bias for four domains each. In addition,
only one trial reported on surgery-related adverse events and only one trial used AMH
as a measure for postoperative hormonal status. Due to unclear risk of bias and an
insufficient number of included studies per outcome, we refrained from undertaking
this sensitivity analysis.
2. Adoption of a random-effects model
As the number of surgery-related adverse events was low and treatment effects were
expected to be small, we opted to use the Peto odds ratio rather than Mantel-Haenszel
odds ratio. However, as the Peto odds ratio is a fixed-effect method, we could not adopt
a random-effects model for comparison.
For postoperative AMH status, adoption of a random-effects model did not result in a
different outcome from adoption of a fixed-effect model (Supplementary analysis 3.1).
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3. Exclusion of non-RCTs
As we did not include any non-RCTs in this review, we could not conduct the planned
sensitivity analysis to assess the impact of excluding non-RCTs.
4. Skewed data in AMH analysis
We conducted a sensitivity analysis for skewed data in the analysis of AMH levels (MD -0.25,
95% CI -0.43– -0.06, I2=68%, 5 studies, 283 participants, Supplementary analysis 4.1).
The results remained compatible with a reduction in AMH that would not be clinically
significant (Supplementary analysis 1.2).
Other analysis
As individual participant data was available for the study of van Lieshout 2018, an
additional complier analysis was performed for this study only.39 We performed this
analysis once without accounting for skewness of data (MD -0.83, 95% CI -2.44–0.79,
1 study, 104 participants) and once accounting for skewness of data (MD -0.34, 95%
CI -0.75–0.08, 1 study, 104 participants). This is in line with our conclusions that results
were compatible with no difference, or with a reduction in AMH that would not be
clinically significant. Using multiple imputation due to the missing data in van Lieshout
2018 made no substantive difference to the results.39
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Discussion
Summary of main results
We found no eligible studies reporting one of our primary outcomes; the incidence
of epithelial ovarian cancer after hysterectomy with or without opportunistic
salpingectomy. The number of surgery-related adverse events was very low. As
complications are generally rare for this type of surgery, large numbers of studies
and participants are needed to determine if there is a difference in incidence
of surgery-related adverse events between hysterectomy with opportunistic
salpingectomy or hysterectomy without opportunistic salpingectomy. With the
limited number of studies and participants, we were unable to detect possible
differences. For postoperative hormonal status, we compared Anti-Müllerian
hormone (AMH), follicle stimulating hormone (FSH), luteinising hormone (LH) and
estradiol values. There was a large variety in duration of follow-up, and the number
of available studies per outcome varied between two and five. For AMH, the results
were compatible with no difference, or with a reduction in AMH that would not be
clinically significant. A reduction in AMH would be unfavourable, but due to wide
confidence intervals (CIs), the postoperative change in AMH can still vary from a
substantial decrease to even a slight increase. For FSH, LH and estradiol, there
might be an indeterminate difference, meaning the true difference can either be a
decrease or increase of the individual values. An increase of FSH and LH would be
unfavourable, and an increase of estradiol would be favourable.
For the secondary outcomes of this review, we found no evidence of a difference
between hysterectomy with opportunistic salpingectomy compared to hysterectomy
without opportunistic salpingectomy for total surgical time, estimated blood loss,
conversion rate to open surgery, duration of hospital admission or quality of life.
No studies reported on the incidence of menopause-related symptoms.
Overall completeness and applicability of evidence
All seven studies included in this review provided a direct answer to a part of
the review question, either for surgery-related adverse events or postoperative
hormonal status; none of the trials reported epithelial ovarian cancer incidence.
None of the studies included postmenopausal women, limiting the applicability of
the evidence from this review to the premenopausal population. Furthermore, the
results of this review are not applicable for vaginal hysterectomy. The included
studies limited surgical approach to abdominal or laparoscopic hysterectomies. In
one study (van Lieshout 2018), two participants did have a vaginal hysterectomy. 39
However, these women were excluded from the trial and no salpingectomies were
performed.
92

Hysterectomy with salpingectomy versus hysterectomy alone, a review

We found a lack of clear definitions of surgery-related adverse events in most of the
studies. In combination with unclear and varying durations of follow-up, the relevance
of the identified data is hard to determine.
The majority of the studies used AMH values for the postoperative hormonal status
outcome, which has the strongest correlation with time to menopause.20 The other studies
used a combination of several other (hormonal) measurements, resulting in a low number
of studies per outcome. In addition to several outcome measures, the change in hormonal
status was reported in several ways. Some studies reported pre- and postoperative values,
while others reported the difference between pre- and postoperative values or a decline
rate, expressed as a percentage. These differences in outcome measure and reporting
complicate the interpretation of results. Another complicating factor in the meta-analysis
of hormone-related outcomes was the skewness of outcome data, which resulted in
several studies reporting outcomes in median with interquartile range rather than
mean values with standard deviations. Attempts to contact the study authors resulted in
additional outcome data, but yielded no response for one of the studies. For this study, we
transformed the data to mean and standard deviation which might introduce imprecision
in the reported results (Song 2016).37
Quality of the evidence
The findings of this review are based on a limited number of seven studies, which
included a total of 350 women. Most of the studies are small, and a few did not meet the
desired sample size or retrospectively altered the desired sample size. In addition, loss
to follow-up was substantial in a majority of the studies, possibly resulting in attrition
bias. The limitations of the included studies and the small number of included women
have resulted in assessment of the available evidence as of very low to low quality.
As mentioned previously, the number of both intraoperative and postoperative
adverse events were low and thus we were unable to determine if there may be a
small difference in incidence of these events between hysterectomy with or without
opportunistic salpingectomy. The low complication rate also resulted in many studies
without reported events which means that both intra- and postoperative results are
each based on a single randomised controlled trial (RCT). Additionally, none of the
studies accounted for possible surgeon effects, meaning that outcomes could have
been influenced by an unequal distribution of experienced surgeons among study
groups. As experience is an important factor in aspects such as intra- or postoperative
complications and surgical time, the role of this performance effect in the overall result
is uncertain. Individual participant data were available for one study (van Lieshout
2018), allowing for additional analysis which revealed no substantial impact of surgeon
effect on the outcomes.39 However, for the other studies we could not estimate surgeon
effects and thus this could possibly introduce bias.
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Measurement of postoperative hormonal status varied widely among the studies.
For example, the postoperative hormonal status was determined at different time
points, varying from three to six months after surgery. AMH values drop sharply after
hysterectomy, only to recover over the course of approximately six months.49 This time
frame implies that most of the included trials have measured transient postoperative
hormonal values which might not be representative of the real effect on time to
menopause.
While AMH has the strongest correlation with time to menopause, several studies
determined postoperative hormonal status based on FSH, LH or estradiol concentrations.
In case of a diminished ovarian reserve, one would expect AMH and estradiol values
to decrease, and FSH and LH values to increase. While the slight decrease in AMH
concentration after hysterectomy with opportunistic salpingectomy compared to
hysterectomy without opportunistic salpingectomy corresponds to what would be
expected if opportunistic salpingectomy were to affect postoperative hormonal status,
this is different for some of the other outcomes. FSH values seemed to decrease slightly
while there appeared to be a minor increase in estradiol values. However, we found no
evidence for any difference, due to the wide CIs, and so the true effect could go either
way. A complicating factor in the use of these hormonal outcomes, which might account
for our results, is the variation over the course of the menstrual cycle. Some studies
specified at what time in the menstrual cycle blood samples were drawn and elaborated
on how they estimated time in the menstrual cycle after hysterectomy (Popov 2015,
Sezik 2007), others did not or not fully (Behnamfar 2017, Tehranian 2017).33,35,36,38 As
crucial information is possibly lacking, the results should be interpreted with caution.
Potential biases in the review process
We carried out an extensive electronic search, which we completed by a manual
search of reference lists. Two review authors independently assessed studies regarding
eligibility, all decisions were reasoned and were made in an attempt to be conservative.
In case of questions or incomplete data, we attempted to contact the authors of
individual studies. We sent out requests for additional data to nine authors, of which
four responded. We received additional data from two authors (Popov 2015, Sezik
2007).35,36 As mentioned previously, transformation of median and interquartile range
(IQR) values to mean and standard deviation for one of the major studies in this review
might have affected our results (Song 2016).37
Agreements and disagreements with other studies or reviews
Prior to the realisation of this Cochrane Review, several (systematic) reviews, metaanalyses and large cohort trials have been published on the effect of opportunistic
salpingectomy on ovarian cancer incidence.44,46,50 Madsen et al. performed a
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nationwide case-control study and found an ovarian cancer risk reduction of
43% after opportunistic salpingectomy. 46 Furthermore, Falconer et al. found a
hazard ratio of 0.35 for ovarian cancer risk after opportunistic salpingectomy in a
nationwide population-based study.44 Yoon et al. performed a meta-analysis with
the previously described studies and observed an overall risk reduction of 49% in
ovarian cancer risk after opportunistic salpingectomy.50 As none of these studies
assessed the effect of hysterectomy with opportunistic salpingectomy compared to
hysterectomy without opportunistic salpingectomy, they are not fully comparable
to this specific review. However, as the risk reduction is most likely achieved
through the opportunistic salpingectomy itself, it is highly likely that opportunistic
salpingectomy during hysterectomy will result in a similar protective effect.
In this review, the effect of opportunistic salpingectomy during hysterectomy on
surgery-related adverse events could not be estimated with certainty due to a
very low number of events in the included studies. In our results, the difference
in complication rate varied from an odds ratio (OR) of 0.09 to 1.86 in favour of
hysterectomy with opportunistic salpingectomy. As stated above, no studies
regarding vaginal hysterectomy are included in this review and thus information
about safety is not available from this review. Several feasibility studies regarding
this subject have been published, demonstrating a feasibility rate of 74% to 88%.51–53
Our findings regarding hormonal status of women after hysterectomy with or
without opportunistic salpingectomy are in accordance with previous literature;
no clinically relevant differences were found.54 A Canadian observational study
measured ovarian reserve in 79 women, three to five years after hysterectomy with
opportunistic salpingectomy. They found no evidence for differences compared
to control women.55 Additionally, a meta-analysis of studies among women opting
for assisted reproductive technologies investigated the effect of salpingectomy on
ovarian reserve and (for reasons other than ectopic pregnancy) found no evidence
of differences.56 In this review, the maximum follow-up time of included studies
is six months, which can represent an overestimation in AMH decline because of
a temporary decline in AMH concentration after surgery.49 Although there is no
evidence for a difference in observed postoperative AMH concentration, the 95%
CI ranged from -1.89 to 0.01 pmol/L, which means that the true difference in AMH
concentration most likely lies between -1.89 and 0.01 pmol/L. According to Marca
et al., the median AMH concentration in 40-year-old women is 16.52 pmol/L with
an IQR of 9.42 to 27.57 pmol/L.57 Van Rooij et al. investigated the natural decline
in AMH concentration per year among women in different age groups. 20 The
maximum decline of 1.89 pmol/L equals the natural decline in AMH concentration
of approximately six months for women above the age of 40. In women between
36 and 40 years of age, a decrease of 1.89 pmol/L equals the natural AMH decline
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of approximately 16 months, and below the age of 36 it equals approximately 20
months.20 Based on these assumptions, we consider a range with a maximum mean
difference (MD) of -1.89 pmol/L to a minimum MD of 0.01 pmol/L as not to be
clinically relevant, in addition to not having evidence of effect.
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Conclusion
Implications for practice
We found no eligible studies reporting on the incidence of epithelial ovarian cancer
specifically after hysterectomy with or without opportunistic salpingectomy in women
undergoing surgery for benign gynaecological indications. For premenopausal
women undergoing abdominal or laparoscopic hysterectomy for benign indications,
we found insufficient data to assess whether there was any difference in surgeryrelated adverse events between hysterectomy with opportunistic salpingectomy
and hysterectomy without opportunistic salpingectomy. In addition, due to the low
number and characteristics of included studies we judged the results as to be of low
to very low quality, further complicating a clear practical translation of results. On the
other hand, the low number of events is an important finding in itself, as it questions
the clinical relevance of a small increase in adverse events when opportunistic
salpingectomy is performed. For postoperative hormonal status, we found no evidence
of a clinically relevant effect of hysterectomy with opportunistic salpingectomy
compared to hysterectomy without opportunistic salpingectomy. However, results
should be interpreted with caution. Furthermore, we found no available evidence on
the safety and feasibility of opportunistic salpingectomy in the long term or during
vaginal hysterectomy, even though this remains the preferential surgical approach to
hysterectomy for benign indications.58
Outside the scope of this review there is a growing body of evidence from non-randomised
and observational studies for the effectiveness of opportunistic salpingectomy, during
other interventions or as a method of sterilisation, on the incidence of ovarian cancer.
Most of this evidence is indirect but as ovarian cancer can seldom be cured, the likely
benefits seem to outweigh the potential hazards of this preventive intervention.
Therefore, in women undergoing a hysterectomy for benign indications, the addition
of opportunistic salpingectomy can be discussed with the provision of a clear overview
of current evidence of benefits and risks. However, as a measure of uncertainty remains
on both surgical and hormonal safety, caution is needed for very young women and
research is needed to establish a lower age limit for opportunistic salpingectomy during
hysterectomy for benign indications.
Implications for research
Most studies on the effect of opportunistic salpingectomy on ovarian cancer incidence
are of suboptimal design or have a limited study population, restricting applicability for
the general population. In addition, a limited number of studies focus on the comparison
of hysterectomy with opportunistic salpingectomy compared to hysterectomy without
opportunistic salpingectomy. High quality non-randomised trials with large study
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populations and long-term follow-up are needed as the incidence of ovarian cancer is
low and peak incidence is around 70 years of age. For surgery-related adverse events,
large randomised controlled trials (RCTs) are needed, as the occurrence of adverse
events is rare. Moreover, future studies should elaborate on their definition of surgeryrelated adverse events to enable pooling of data. Future research should also focus on
long-term effects on ovarian reserve and the safety of opportunistic salpingectomy
during vaginal hysterectomy. Although none of the studies were aimed at the vaginal
approach, it remains the preferential approach of hysterectomy.58 Besides establishing
the safety of opportunistic salpingectomy during vaginal hysterectomy, it should also
clarify whether risk and benefits justify a strategic switch from a vaginal to laparoscopic
approach, if necessary. Furthermore, as time to menopause is the gold standard for
hormonal status assessment, studies with long-term follow-up on hormonal status are
needed. There are three large ongoing RCTs at the time of publication of this review,
the largest of which is the HOPPSA trial conducted in Sweden (NCT03045965).40
The HOPPSA trial aims to include 4400 women and follow-up will continue to 2050.
The large number of participants and long duration of follow-up will allow for critical
evaluation and a firm establishment of the intervention effect.
Additional research is needed to establish the optimal lower age limit to undergo
opportunistic salpingectomy and to evaluate effectiveness and safety in the
postmenopausal population, especially to determine the optimal age to opt for salpingooophorectomy instead of salpingectomy, as with increasing age the benefits of salpingooophorectomy will outweigh the negative effects. As opportunistic salpingectomy is
expected to be a preventive measure for a rare yet severe event, high quality RCTs
should also be conducted on feasibility during other surgical interventions such as a
laparoscopic sterilisation, instead of a tubal ligation.
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Abstract
Objective: To explore current practice and influencing factors on adoption of the
opportunistic salpingectomy (OS), particularly regarding the decision making, to
eventually enhance the development and implementation of clear guidelines.
Methods: This nationwide cross-sectional survey study was conducted in all hospitals
in the Netherlands. An anonymous online survey was sent to gynaecologists
with special interest in gynaecological oncology, gynaecological endoscopy or
urogynaecology and all Dutch gynaecology trainees. The survey mainly focused on
current practice regarding OS and identification of influencing factors on the level of
innovation, organization, healthcare professional and individual patient.
Results: The response rate was 348 out of 597 gynaecologists (58.3%) and 142 out
of 340 trainees (41.8%). Current practice of discussing and performing the OS varied
widely, with ovarian cancer (OC) risk reduction as most important supportive factor
on innovation level. Supportive factors on the level of organization and healthcare
provider were; working in a non-training hospital, knowledge of current literature
and extensive work experience (in years and annual number of hysterectomies). On
individual patient level, a vaginal approach of hysterectomy, negative family history
for OC and the presence of firm adhesions were suppressive factors for the OS.
Conclusion: In this study we evaluated the current practice regarding the opportunistic
salpingectomy in the Netherlands and identified influencing factors on different
levels to raise awareness and attribute to development of a targeted implementation
strategy, on both national and international level.
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Introduction
Ovarian cancer (OC) is often detected at an advanced stage of disease, limiting 5-year
survival to 30%–40%. The lifetime risk to develop OC varies from 1.3% in the general
population up to 17%–44% in BRCA 1/2 germline mutation carriers.1 High grade serous
ovarian cancer (HGSC) accounts for 70% of all epithelial OCs.2 As curative therapies
are limited and effective screening methods are lacking, emphasis should be directed
towards preventive measures. Therefore, BRCA 1/2 germline mutation carriers are
currently recommended to remove both ovaries and Fallopian tubes (salpingooophorectomy) around the age of 40, resulting in premature menopause.
In the wake of the discovery of the serous tubal intraepithelial carcinoma (STIC) in 2001,
the Fallopian tube has been shown to play an important role in HGSC pathogenesis.3
This insight has provided new opportunities for OC risk reduction by performing a
salpingectomy. In BRCA 1/2 germline mutation carriers this finding led to the initiation
of several studies (NCT02321228).4 These studies compare early salpingectomy (after
completion of childbearing) and delayed oophorectomy with the standard salpingooophorectomy to delay menopause and increase quality of life.
For the general population, opportunistic salpingectomy (OS) is defined as an additional
salpingectomy during (benign) pelvic surgery and is currently a point of discussion
among gynaecologists.5 According to a recent meta-analysis, opportunistic removal
of the Fallopian tubes might decrease the overall incidence of OC up to 50%.6 Some
researchers suggest a risk reduction up to 70%, based on the assumption that OS
will prevent all OCs of the serous subtype (HGSC).5 However, an OS has potential
downsides; the Fallopian tube and ovary partially share their blood supply and thus,
salpingectomy could diminish ovarian reserve. Several studies investigated this issue,
with no difference in ovarian reserve after salpingectomy.7–9 Furthermore, there is no
evidence for an increased complication rate after OS and literature on surgical time
suggests a minor increase of 0–13 minutes, depending on surgical approach.6,8,10–12
Currently there is no consensus regarding OS in the Netherlands, resulting in a large
variety of practice, probably due to a lack of clear guidelines. According to previous
research in other countries, 43%–77% of gynaecologists discuss the possibility of an
OS.13–15 It is likely that the adoption rate is influenced by several factors, which can be
found on different levels, such as the innovation itself (OS), the organization of care,
healthcare professionals’ attitudes towards OS and characteristics of the individual
patient.16
In this study we aim to explore current practice and the influencing factors on OS
adoption, particularly regarding the decision making, to eventually enhance the
development of clear guidelines and subsequent implementation.
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Materials and methods
Study design and population
This observational cross-sectional study among gynaecologists and obstetrics and
gynaecology trainees was conducted between October and December 2017. The
nationwide study sample consisted of 605 gynaecologists (members of the Dutch
Society of Obstetrics and Gynaecology; NVOG) with special interest in gynaecological
oncology, gynaecological endoscopy or urogynaecology and all 364 current Dutch
gynaecology trainees.
Setting
All gynaecologists in the Netherlands are affiliated to the NVOG and benign pelvic
surgery is solely performed in community hospitals with affiliations to all Dutch
healthcare insurance companies. The surgeries investigated in this survey are
performed in all 92 Dutch hospitals and is fully covered by the health insurance after
paying a flat rate each year when using healthcare in general. The costs of all surgeries
exceed this flat rate, which means an additional salpingectomy does not influence the
individual patient’s costs.
Development survey
The survey was developed by a team of researchers and clinicians (MS, RH, SC and JdH)
based on current literature and subsequently pilot-tested by JA, LvL and DH. The survey
consisted of four subsections with 44 questions in total. It included questions about
demographics, current practice of OS and subsections to identify influencing factors on
different levels as formulated by Grol et al.16 The survey focused particularly on the level
of the innovation (OS), organization, healthcare professional and individual patient:16
•

The questions about baseline demographics for gynaecologists contained information
about the years of work experience, type of institution, special interest, number of
(vaginal) hysterectomies performed annually and the knowledge of current literature.
For trainees, the questions were about the year of residency, special interest, number
of (vaginal) hysterectomies performed and also the knowledge of current literature.
Knowledge of current literature was based on self-assessment of the respondents
with three possible answers; 1. knowledge of current literature on the suggested
influence of OS for OC risk reduction (hypothesis), 2. knowledge of the hypothesis
but not the literature itself, or 3. no knowledge of the hypothesis at all.

•

The current practice domain (12 questions) covered both how frequent patients were
informed on the possibility of OS and how frequent the procedure was carried out.
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•

Potential supportive and suppressive influencing factors were identified from
literature and could be stratified according to perceived importance. Most of the
included potential influencing factors were on the level of the innovation itself.
Respondents were asked to allocate a total of 100 points to different influencing
factors, allocating the highest amount of points to the most important factor.
Influencing factors not covered by the questionnaire could be reported in a free
text field.

•

To identify and stratify influencing factors on patient level, case-vignettes were
designed. The vignettes consisted of a fictive case of a 40-year-old woman intending
to undergo a hysterectomy for menstrual complaints with varying patient-specific
factors such as surgical modality (abdominal, laparoscopic or vaginal approach),
family history (no or one family member with OC) and presence of intra-abdominal
adhesions (mild or firm). Prior to presentation of the case-vignette, respondents
received a short overview of background information, consisting of the lifetime risk
of OC in the general population (1.3%), in patients with one family member with
OC (2.5%) and the estimated risk reduction attributed to OS (50%–70%). As this
study focused on the general population, there was no vignette with more than
one family member with OC. The section started out with a vignette of a patient in
optimal circumstances to advise salpingectomy (abdominal approach, one family
member with OC and no intra-abdominal adhesions). Further on, patient-specific
factors got more complicated and the number of respondents willing and reluctant
to advise OS due to a combination of factors were identified (15 questions).

Data collection
A nationwide email-survey was sent out with an online computer programme using
anonymous tokens so no identifiable information was collected. Due to the nature of
the survey and anonymous collection of data, institutional review board approval was
not required for this study. All fields in the questionnaire were set to be obligatory to
answer in order to minimize missing data. It took approximately 10 minutes to complete
the survey. A maximum of two reminders were sent out to non-responding participants.
Surveys were eligible for inclusion if at least one subsection after baseline characteristics
was completed. In the baseline characteristics section, gynaecologists were asked to
estimate the number of hysterectomies performed annually. If this number was below
ten, the questionnaire could not be completed and ended after baseline characteristics.
The Checklist for Reporting Results of Internet E-Surveys (CHERRIES) was followed
(Supplementary methods 1).17
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Data analysis
Data was analysed in SPSS (released 2013, IBM SPSS Statistics, version 22.0; IBM Corp.,
Chicago, IL, USA). Baseline characteristics of respondents, results on the current practice
domain and the influencing factors on innovation and individual level were descriptively
analysed (median with interquartile range; IQR and percentages). Influencing factors
on organization and professional level were analysed by the use of multivariate logistic
regression analysis. As dependent variable, the current practice was converted to a
bivariate variable (‘never,’ ‘rarely,’ ‘about half the time’ versus ‘usually,’ ‘always’) per
type of surgery. The following baseline characteristics were used as independent
variables among gynaecologists; years of work experience, type of institution, special
interest, number of (vaginal) hysterectomies performed annually and knowledge of
current literature. Among trainees the imputed independent variables were; year of
residency, number of (vaginal) hysterectomies performed with or without supervision
and the knowledge of current literature. At first, univariate logistic regression analysis
was performed and independent variables with a p-value ≤0.20 were analysed in
multivariate logistic regression analysis. The multivariate analysis was performed using
backward-stepwise method and a p-value ≤0.05 was considered statistically significant.
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Results
Study population
In total, we received 510 responses, 20 of which were excluded because respondents
did not fill out one complete domain, apart from baseline characteristics. The response
rate was 348 out of 597 gynaecologists (58.3%) and 142 out of 340 trainees (41.8%). A
total of 47 gynaecologists reported to perform less than ten hysterectomies per year,
meaning that these surveys were not eligible for analysis. Ultimately, 443 surveys were
included in the analysis, consisting of 68% gynaecologists and 32% trainees.
The median duration of work experience among gynaecologists was 12 years (IQR
7–19) and was over 25 years for 33 out of 301 (11%) gynaecologists. Approximately
two-thirds of the gynaecologists (67.1%) worked in a (academic) training-hospital. Most
respondents had special interest in benign gynaecology/endoscopy and gynaecologic
oncology (70.2%). Out of 142 trainees, 49 were in the final two years of their training
and started a subject of special interest (e.g. urogynaecology, gynaecologic oncology
or benign gynaecology). The most common subject of special interest was partially the
same as among gynaecologists (benign gynaecology/endoscopy, Table 1).
Current practice of the opportunistic salpingectomy
Out of 443 respondents, 71.3% said to always or in the majority of cases discuss OS
when planning an abdominal hysterectomy and 58.7% said to always or in the majority
of the cases perform an OS. In case of laparoscopic hysterectomy, the results were 71.3%
and 56.2%, respectively. In the discussion of vaginal hysterectomy, the respondents
indicated OS to be feasible in a median of five out of ten vaginal hysterectomies (IQR
2–7). Gynaecologists who performed over 30 vaginal hysterectomies a year expected
feasibility in eight out of ten vaginal hysterectomies (range 4–9). Furthermore, 6.7%
reported to always or usually inform patients about OS prior to vaginal hysterectomy,
26.9% never discussed this possibility with patients. The actual performance rate
was reported as always or usually by 6.3% of respondents. Approximately half of the
respondents indicated to rarely or never discuss OS in case of a laparotomy (46.0%) or
laparoscopy (48.5%), other than hysterectomy. In terms of permanent contraception,
47.2% said to never or rarely inform patients on the option of salpingectomy.
Approximately one third of the respondents (33.0%) did perform salpingectomies as
sterilization technique in at least half of the patients. The abovementioned results are
summarised in Figure 1.
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Table 1. Baseline characteristics of respondents.
Baseline characteristics

Value

Gynaecologists

301 (68%)

Work experience (years)

12 (7–19)

Type of institution
(Academic) Training hospital

202 (67%)

Non-academic non-training hospital

99 (33%)

Special interest
Urogynaecology

102 (23%)

Benign gynaecology/endoscopy

191 (43%)

Gynaecologic oncology

120 (27%)

Other

6 (2%)

Number of hysterectomies per year

30 (20–40)

Number of vaginal hysterectomies per year

5 (0–12)

Knowledge of current literature
Knows current literature

182 (60%)

Knows hypothesis, not the literature

119 (40%)

Never heard of hypothesis

0

Gynaecology trainees

142 (32%)

Year of residency
1 or 2

39 (28%)

3 or 4

54 (38%)

5 or 6

49 (35%)

Special interest (residents in 5th or 6th year only)
Urogynaecology

2 (4%)

Benign gynaecology/endoscopy

15 (31%)

Gynaecologic oncology

9 (18%)

Other/unknown

23 (53%)

Number of hysterectomies performed with or without supervision

25 (10–50)

Number of vaginal hysterectomies performed with or without supervision

8 (3–15)

Knowledge of current literature
Knows current literature

57 (40%)

Knows hypothesis, not the literature

85 (60%)

Never heard of hypothesis

0

Values are presented as frequency and percentage or as median and interquartile range.
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Influencing factors related to the OS
Domain 1: influencing factors at innovation level
A total of 408 respondents completed this section (Figure 2). Among the supportive
factors, reduction of OC risk was the most important and heavy weighing (median of
80 points, IQR 60–90), followed by the explicit request from a patient (median of 10
points, IQR 0–20). Supportive factors mentioned in the free text field were the removal
of sterilization devices (e.g. clips or rings) or a positive family history of OC.
The stratification of suppressive factors was more diverse, with an approximately equal
rank for possible increased surgical risk (median of 20 points, IQR 0–50) and possible
negative effect on ovarian reserve (median of 10 points, IQR 0–40). Other factors
(suggested in free text fields) were complicated or difficult situations (for example due
to adhesions), no consent from the patient and the lack of a Dutch guideline on OS.
Respondents were reluctant to recommend OS as definitive contraception technique
because no options for re-fertilization are available (37.7%), insufficient proof of
potential benefits (31.4%), possibly increased risk of complications (30.9%), possibly
deleterious effects on ovarian reserve (25.7%) and prolonged duration of surgery
(22.6%). Furthermore, 22 respondents commented that lack of consensus in the
Netherlands formed the most important reason not to advise OS as method of
sterilization.
Domain 2: influencing factors at organization and healthcare professional level
When counselling a patient for surgery, gynaecologists with more knowledge of current
literature were more likely to usually or always discuss OS, just as gynaecologists
working in a non-training hospital. Work experience, either in years or number of
procedures a year, was also a factor in whether or not gynaecologists discuss OS,
especially in vaginal hysterectomies.
A higher performance rate was found among gynaecologists from non-training
hospitals. Another supportive factor was knowledge of current literature and not just
the hypothesis. Furthermore, the amount of work experience in years was positively
correlated with higher performance rate of OS. During laparotomy for benign
gynaecological disease or tubal sterilization, the subgroup of gynaecologists with a
special interest in oncology was more likely to perform OS compared to gynaecologists
with other interests.
For trainees, only the knowledge of current literature was a significant supportive factor
for OS in laparotomy for benign gynaecological disease. An overview of all statistically
significant results is presented in Table 2.
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Figure 1. Current practice of gynaecologists and trainees in The Netherlands.

Domain 3: influencing factors at individual patient level
The recommendation on whether or not to perform OS based on patient characteristics,
is represented in Figure 3. In the optimal situation (e.g. abdominal or laparoscopic
approach, one family member with OC and no intra-abdominal adhesions) 94% of
the respondents would advise OS. For patients with a negative family history of OC,
approximately 73% of the respondents would advise OS. Mild adhesions lead to a
decline of approximately 3% while firm adhesions were a suppressive factor for an extra
50%–60% of the respondents, resulting in approximately 11% of respondents advising
OS when combined with a negative family history. In case of one family member with
OC, respondents were more willing to perform OS, with an additional 25.6%–31.6% of
the respondents advising OS.
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Figure 2. A forest plot of potential influencing factors and the distribution of allocated point

In case of vaginal hysterectomy, 56.4% of the respondents reported to recommend
OS to patients with a positive family history. Of these respondents, 54.6% advised a
strategic conversion to laparoscopy to perform OS. In case of a negative family history,
OS was recommended by 22.6% of the respondents and 3.8% advised the strategic
conversion. The most important reason to strategically convert a vaginal hysterectomy
to laparoscopy was to maximize the chances of a successful OS (76.6%). Other reasons
were a possibly increased complication rate in case of a vaginal approach (50.8%) and
technical difficulties (41.1%). An important consideration to persevere in the vaginal
route was the preference for the vaginal approach according to the Dutch guideline
(76.2%).
Respondents were also asked about their recommendations on OS as sterilization
technique. A total of 84 (20.7%) respondents would advise OS to all patients, 101
(24.9%) respondents would recommend OS to patients with one family member with
OC and a total of 221 (54.4%) would not recommend OS at all, but would advise other
techniques instead (i.e. clips, rings).
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Table 2. Multivariate analysis of influencing factors on organization and professional level.
Variables
Gynaecologists (n=301)
Discuss the OSc in case of:
Abdominal hysterectomy

Type of institution

Non-training hospital
Training hospital

Knowledge of current literature, not
just the hypothesis

Yes

No

Laparoscopic hysterectomy

Type of institution

Non-training hospital

Vaginal hysterectomy

Knowledge of current literature, not
just the hypothesis

Training hospital
No
Yes

Work experience (in years)
Vaginal hysterectomies a year
Benign gynaecological
laparoscopy

Number of hysterectomies a year

Sterilisation

Knowledge of current literature, not
just the hypothesis

Yes

Type of institution

Non-training hospital

No

Perform the OSc in case of:
Abdominal hysterectomy

Training hospital
Laparoscopic hysterectomy

Type of institution

Vaginal hysterectomy

Knowledge of current literature, not
just the hypothesis

Non-training hospital
Training hospital
No
Yes

Work experience (in years)
Benign gynaecological
laparotomy

Work experience (in years)
Special interest in oncology

No
Yes

Benign gynaecological
laparoscopy

Work experience (in years)
Knowledge of current literature, not
just the hypothesis

Yes

Sterilisation

Type of institution

Non-training hospital

No

Training hospital
Work experience (in years)
Special interest in oncology

No
Yes
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Never, rarely,
half the time

Usually,
always

Univariate analysis

14

83

1

52

144

0.47 (0.24–0.89)

33

83

1

33

144

1.74 (1.00–3.02)

18

77

1

76

119

0.37 (0.20–0.66)

90

19

1

96

46

2.27 (1.24–4.17)

0.01

2.07 (1.10–3.88)

0.02

10 (6–16)

17 (9–24)

1.07 (1.03–1.11)

<0.01

1.08 (1.04–1.12)

<0.01

8 (3–15)

7 (2–10)

0.97 (0.94–1.01)

0.12

0.96 (0.93–0.99)

0.04

30 (20–40)

30 (25–40)

1.01 (1.00–1.02)

0.15

1.01 (1.00–1.03)

0.04

94

21

1

98

60

2.74 (1.55–4.86)

18

77

1

76

119

0.37 (0.20–0.66)

15

72

1

66

112

0.35 (0.19–0.67)

90

19

1

96

46

4.86 (1.61–14.64)

0.01

4.30 (1.39–13.33)

0.01

11 (6–18)

20 (13–27)

1.12 (1.06–1.18)

<0.01

1.11 (1.05–1.17)

<0.01

11 (6–17)

15 (8–24)

1.12 (1.06–1.18)

<0.01

1.05 (1.01–1.10)

0.01

129

45

1

71

33

2.40 (1.04–5.56)

<0.01

2.90 (1.52–5.54)

<0.01

11 (6–18)

14 (9–24)

1.05 (1.01–1.09)

0.01

1.05 (1.01–1.09)

0.02

102

10

1

132

34

2.55 (1.24–5.25)

79

16

1

160

18

0.56 (0.27–1.15)

0.11

0.41 (0.19–0.89)

0.02

10 (6–18)

16 (8–25)

1.07 (1.02–1.12)

<0.01

1.08 (1.03–1.12)

<0.01

161

15

1

78

19

2.62 (1.26–5.42)

OR (95% CI)
a

b

Multivariate analysis
P-value

ORa (95% CI)b

0.02

0.43 (0.23–0.83)

0.05

1.89 (1.08–3.33)

P-value

1
0.01

1
0.03

1
<0.01

0.37 (0.20–0.66)

<0.01

1

5

1
<0.01

2.74 (1.54–4.86)

<0.01

1
<0.01

0.37 (0.20–0.66)

<0.01

1
<0.01

0.35 (0.19–0.67)

<0.01

1

1

1
0.01

2.48 (1.16–5.28)

0.02

1

1
0.01

2.87 (1.34–6.17)

0.01
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Table 2. Continued.
Variables

Gynaecology trainees (n=142)
Discuss the OSc in case of:
Benign gynaecological
laparotomy

Knowledge of current literature, not
just the hypothesis

No
Yes

Values are presented as frequency or as median with interquartile range. Odds ratio. b Confidence
interval. c Opportunistic salpingectomy.
a
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Never, rarely,
half the time

Usually,
always

Univariate analysis

59

6

1

33

12

3.58 (1.23–10.41)

OR (95% CI)
a

b

Multivariate analysis
P-value

ORa (95% CI)b

P-value

1
0.02

3.58 (1.23–10.41)

0.02

5
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Figure 3. Influencing factors on individual patient level. Family history + means one first-degree family member with ovarian cancer. Family history – means
no first-degree family member with ovarian cancer. a Salpingectomy not advised. b Salpingectomy advised. c Advise to perform laparoscopic hysterectomy
instead of the vaginal approach. d Mild adhesions are defined as easily to be removed, with minimal risk of damaging adjacent organs. e Firm adhesions are
defined as difficult to remove, with risk of damaging adjacent organs.
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Discussion
In this nationwide study performed in the Netherlands, we assessed both the current
practice and influencing factors on the level of innovation, organization, healthcare
professional and individual patient characteristics. The diverse results in the current
practice domain represent the lack of consensus in the Netherlands regarding OS. On
the level of innovation, OC risk-reduction was considered to be the most influential
factor. On organizational level, OS appeared to be more routinely implemented in
non-training hospitals compared to training hospitals. On healthcare professional
level, implementation was mainly dependent on the knowledge of current literature,
years of work experience and annual number of (vaginal) hysterectomies performed.
Among trainees, solely knowledge of current literature was associated with higher
performance rate when discussing OS preceding laparotomy for benign gynaecological
disease. Strong influencing factors on individual patient level were vaginal approach
of hysterectomy, negative family history of OC and presence of firm adhesions during
surgery.
On innovation level, OC risk risk-reduction was by far the most influential factor in
favour of OS. Intervention-related factors not to perform OS were possible effect
on surgical risk and ovarian reserve. In addition, the absence of a Dutch guideline
was perceived as a suppressive factor for OS. Previous research however, has not
found evidence for an increased complication risk, estimated blood loss or duration of
hospital stay.8,10,18 Furthermore, studies on ovarian reserve after OS found no difference
in ovarian function after hysterectomy with or without OS.8,10
On organizational level, OS appeared to be better implemented in non-training
hospitals when compared to training hospitals. This finding is in contrast with our
expectations. The number of hysterectomies a gynaecologist performs a year would
have been a plausible explanation, yet in our cohort the number of hysterectomies
per gynaecologist was higher in training hospitals. Although unlikely, the lower
implementation rate in training hospitals might be the result of reluctance to
‘complicate’ the procedure for trainees with an additional surgical step. Furthermore,
several respondents commented on the absence of a univocal guideline in the
Netherlands. Over the past few years several countries published statements and
guidelines regarding OS. The general tendency of these papers is that in patients at
population risk of OC, OS should be considered and discussed prior to hysterectomy
(American College of Obstetricians and Gynecologists; ACOG, Arbeitsgemeinschaft
Gynäkologische Onkologie; AGO, The Society of Gynecologic Oncology of Canada;
GOC, Royal Australian and New Zealand College of Obstetricians and Gynecologists;
RANZCOG) and other pelvic surgery (Royal College of Obstetricians and Gynaecologists;
RCOG, Society of Gynecologic Oncology; SGO).19–22 Yet, the implementation of
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new innovations goes beyond guideline development and is in need of a specific
implementation strategy to achieve the aimed change.16 In Canada, efforts to increase
the implementation of OS have increased the number of hysterectomies with OS
from 5% to 35% in a few years’ time.23
On healthcare professional level, OS was more likely to be adopted by experienced
gynaecologists (either in years of work experience or number of hysterectomies
performed annually) and in case of knowledge of current literature. These insights
create opportunities to improve OS adoption as increased surgical risk and possible
decrease of ovarian reserve were most frequently mentioned as suppressive factor.
Thus, improvement in knowledge of current literature might increase implementation
rate. Despite our findings, Jones et al. investigated the implementation of OS and
found no association between practice patterns and physicians characteristics.15 This
discrepancy could be explained by differences in the subset of analysed characteristics
or study population. Aside from our findings regarding professional experience,
gynaecological surgeries performed by high-volume surgeons are associated with
lower conversion rates, decreased operative complication rates and shorter duration
of hospital stay.24 Moreover, for gynaecological surgeons with advanced surgical skills,
the addition of a surgical step is probably less challenging, with easier implementation
of OS consequently.
On individual patient level, the most influencing factors were a vaginal approach of
hysterectomy, negative family history of OC and presence of firm adhesions. The
realization of OS is more challenging during vaginal hysterectomy when compared to
a laparoscopic or abdominal approach. Therefore, a tailored approach to OS during
this type of surgery is comprehensible. Previous research demonstrated OS to be
feasible in 81%–88% of vaginal hysterectomies.12,25 However, respondents in our cohort
estimated OS to be feasible in approximately half of the cases. This difference could be
explained by the type of gynaecologists performing the hysterectomies in the feasibility
studies. Furthermore, decreasing number of vaginal hysterectomies per gynaecologist
might lead to a loss of expertise and less gynaecologists with sufficient experience to
safely perform the intervention. In the study of Robert et al. all hysterectomies were
performed or supervised by two experienced vaginal surgeons and in the study of
Antosh et al. the type of gynaecologists performing the surgeries were not specified.12,25
The more experienced gynaecologists in the present study (performing over 30 vaginal
hysterectomies annually) estimated the feasibility to be 80%.12,25
Aside from feasibility of OS during vaginal hysterectomy, very few patient-specific
factors have been investigated prior to this survey study on the overall implementation
of OS. However, patient-specific factors are essential when aiming for a more widespread
adoption of OS. A higher performance rate will result in OS implementation among
an increased variety of circumstances, including difficult surgeries (in the case of firm
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adhesions for example). However, as OS is a preventive measure, it should not be
carried out at all costs. Generally, the costs should always be weighed against the
(potential) benefits; our respondents agree that firm adhesions appear to be a strong
influencing factor.
There are several strengths and limitations in the present study. The nationwide
character gives a representative view on different influencing factors. The influencing
factors among OS have not been investigated before and therefore attribute to specific
implementation strategies on both a national and international basis. Additionally, the
use of a case-vignette provides results that give insight in daily practice and increases the
accuracy of self-assessment of the respondents. On the contrary, the self-assessment
of respondents is one of the possible limitations of the study as self-assessment is
susceptible to recall bias. Moreover, less than 50% of the trainees (against almost
60% of the gynaecologists) filled in the questionnaire and possibly our respondents
are more prone to complete the questionnaire when interested in the OS. Therefore,
non-responders might have an even lower rate of OS in the current practice. This is a
potential source of selection bias in the results and therefore the results might not be
applicable to all gynaecologists and trainees in general. However, the representation of
gynaecologists from the various types of organizations in our study was similar to the
current situation in the Netherlands, with approximately one-third of the gynaecologists
working in a non-training hospital.26 Although extrapolation of results to gynaecologists
and trainees in other countries is complicated.
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Conclusion
In this study we objectified the current care regarding OS in the Netherlands and
identified influencing factors on different levels to raise awareness and attribute to
development of a specific implementation strategy, on both national and international
level. Future research should be focused on the presence of factors identified in this
study in the actual clinical practice and the effect of specific implementation strategies.
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Abstract
Objective: To prevent ovarian cancer, several international societies have issued
guidelines which recommend to discuss opportunistic salpingectomy with women
undergoing pelvic surgery after completion of childbearing. The opportunistic
salpingectomy refers to the additional removal of Fallopian tubes during pelvic
surgery for another indication to reduce the risk of developing ovarian cancer.
These recommendations emphasize the importance of counselling on benefits and
risks of opportunistic salpingectomy but offer no guidance on their implementation
in daily practice. The lack of a tailored implementation strategy has resulted in a
wide variation in current practice. To reduce this practice variation, we identified
influencing factors on implementing opportunistic salpingectomy from patients’ and
professionals’ perspectives.
Methods: We conducted a mixed-method study between 2019 and 2020 throughout
the Netherlands. In a qualitative phase, we conducted interviews with gynaecologic
patients (n=11) and their professionals (n=20) to explore barriers and facilitators,
using an interview guide. In the quantitative phase, we quantified these barriers
and facilitators among patients who underwent a hysterectomy or sterilization and
were counselled on the opportunistic salpingectomy (n=77), and members of the
Dutch Society of Obstetrics and Gynaecology (n=204), using questionnaires. For both
phases, barriers and facilitators were classified into the following domains: innovation,
patient, healthcare professional, social setting, organization, and economic and
political context.
Results: For patients, main barriers were lack of knowledge about the existence of
the opportunistic salpingectomy (45%), size of the surgery (44%) and its associated
possible disadvantages (37%). In addition, patients attributed their reluctance to
concerns about the removal of healthy organs (46%). For professionals, main barriers
were patients’ lack of knowledge of the size of surgery (85%) and its associated
possible disadvantages (77%), the gap in evidence on long term risks and benefits
(43%), the lack of feasibility in certain patients and during vaginal surgery (66%).
Both patients (41%) and professionals (67%) identified the need for counselling
material as facilitator.
Conclusion: To reduce the variety in care regarding opportunistic salpingectomy,
consensus and uniform counselling is needed. Including the opportunistic
salpingectomy in gynaecological guidelines and a decision aid for counselling could
serve as tools to facilitate implementation.

Barriers and facilitators in the implementation of opportunistic salpingectomy

Introduction
Ovarian cancer is the main cause of death among patients diagnosed with a
gynaecological malignancy. The vast majority of ovarian malignancies are epithelial
ovarian cancers (EOC), which have a poor five-year survival rate.1 This poor prognosis
results from diagnosis in an advanced stage of disease, often due to late onset of
symptoms and lack of early detection methods. Furthermore, comprehensive treatment
swiftly results in recurrent disease, for which curative treatment options are limited.
Interest in primary prevention of ovarian cancer has increased following the
identification of the Fallopian tube as the main origin for the most common subtype
of EOC: high-grade serous carcinomas (HGSC). HGSCs are thought to develop from
Serous Tubal Intra-Epithelial Carcinomas in Fallopian tube epithelium.2–4 Removal of
the Fallopian tubes might therefore lower HGSC incidence, as shown in large cohort
studies where ovarian cancer incidence was reduced following salpingectomy.5,6 The
lifetime risk for ovarian cancer of approximately 1.3% in the general population does
not warrant elective preventive surgery in itself, as the risks of general anaesthesia
and surgery outweigh the ovarian cancer risk.1 However, ovarian cancer risk could be
reduced through opportunistic salpingectomy (OS): the additional removal of Fallopian
tubes during pelvic surgery for another indication.5–8
Although cohort studies show benefits, results from randomized controlled trials
regarding long term outcomes are not expected for many years. Given the opportunistic
nature of OS, several international societies have issued guidelines which recommend
to discuss OS with all women undergoing abdominal surgery after completion of
childbearing.9 These recommendations emphasize the importance of counselling on
benefits and risks of OS but offer no guidance on their implementation in daily practice,
which results in a wide variation in current practice among hospitals and individual
gynaecologists.10 This practice variation, often based on the professionals’ preference
instead of the patients’, is undesirable.
To reduce practice variation, optimal implementation of new recommendations
concerning OS is essential. Adaptation of daily practice is difficult and requires an
implementation strategy tailored to the needs of patients and healthcare professionals,
which is currently lacking. According to the model of Change of Grol & Wensing, the first
step in the development of a tailored strategy is to gain insight into factors influencing
implementation of OS from stakeholders’ perspectives.11 In this study, we aim to identify
the barriers and facilitators in implementing OS from both patients’ and professionals’
perspectives.
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Materials and methods
Study design and integration
We conducted a mixed-method study using the two-phase Exploratory Sequential
Design with a qualitative following a quantitative phase.12 In the qualitative phase using
a qualitative descriptive design, we explored possible barriers and facilitators for the
implementation of OS through individual in-depth telephone interviews with patients
and professionals, and one focus group with gynaecological residents.13 To assess the
importance in daily practice of the barriers and facilitators found, cross-sectional
questionnaires were developed for patients and professionals to quantify the identified
barriers and facilitators.14 For integration of the data, we first analysed the qualitative
data for identifying barriers and facilitators and then used these findings to develop
questionnaires for measuring its importance (building).12 Figure 1 provides an overview
of the study design. This study was described following the Good Reporting of a MM
Study (GRAMMS), the consolidated criteria for reporting qualitative research (COREQ;
Supplementary methods 1) and the Consensus-Based Checklist for Reporting of
Survey Studies (CROSS; Supplementary methods 2).15–17
Qualitative phase
Patients
Patients were eligible for participation if they underwent hysterectomy or sterilization
in 2018 or 2019 and were counselled on OS. Patients were purposively sampled and
approached for individual telephone interviews (to lower the threshold for participation)
by their treating gynaecologists from six hospitals (one university hospital and five large
teaching hospitals) throughout the Netherlands to account for regional differences.
Professionals
Gynaecologists with a special interest in endoscopy, oncology or urogynaecology were
approached for individual telephone interviews by one researcher (LvL). Gynaecologists
approached via the network of the Dutch Society of Obstetrics and Gynaecology
(NVOG) were asked to participate or suggest a colleague for participation. Professionals
were approached by the researcher taking into account dispersion throughout the
Netherlands. Solely gynaecologists specialized in gynaecological surgery were recruited
as they were expected to be most exposed to OS. The gynaecologists were employed
in 12 hospitals (one university, nine teaching and two non-teaching) throughout the
Netherlands to account for regional differences. In addition, gynaecological residents
of the same hospitals were given the opportunity to represent the perspective of future
gynaecologists in a focus group that was guided by a chairman (LvL). The participating
residents represented different years of training.
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Figure 1. Flowchart of study design.
a
Opportunistic salpingectomy. b The Dutch society for Obstetrics and Gynaecology (NVOG) consists
predominantly of gynaecologists, but contains some gynaecological residents as well.
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Data collection
Separate semi-structured interview-guides were developed in advance by one
researcher (LvL) based on literature and experience within the research team, and
tested among two patients and two professionals. An expert in qualitative research
(RH) and two gynaecologists (JP, JdH) evaluated and approved the interviewguides. The two interviewers (MG, LvL) were medical doctors, had experience in
conducting qualitative research and had no relationships with participants prior
to the study. Patients and professionals were questioned on their knowledge and
personal experience in the decision and counselling of OS. To identify barriers and
facilitators on different domains classified according to the frameworks of Grol &
Wensing and Flottorp, patients and professionals were questioned on: innovation
(OS), patient, healthcare professional, social context, organization, and economic
and political context.18,19 Questions were open-ended, with optional questions to
deepen each domain. Interviews were conducted after receiving written informed
consent and verbal permission for audiotaping the interview. Data collection was
considered complete when data saturation was reached and no new barriers and
facilitators were identified for two consecutive interviews. All interviews were audiotaped after the interviewer introduced herself, commented on the research team,
and described the study purpose, procedure and funding. Introduction of the study
and person identifiable data were not audiotaped for privacy reasons. Moreover,
field notes were written after each interview.
Data analysis
All interviews were transcribed verbatim, and two researchers (MG, LvL) independently
coded the transcripts using ATLAS.ti (version 7.5.15, Atlas.ti Scientific Software
Development GmbH; Berlin, Germany). Transcripts were not returned to participants
for comments or feedback. First, all interviews were fully read and phrases were
descriptively labelled by open coding. Second, comparable descriptive codes were
combined and redefined into specific subthemes. The subthemes were merged into
the six broader domains of Grol & Wensing and Flottorp using axial coding.18,19 After
each step findings were compared and disagreements were discussed with a third
researcher (RH) until consensus was reached. Participants did not provide feedback
on the findings.
Quantitative phase
Patients
All patients who underwent hysterectomy or sterilization in 2018 and 2019 in two hospitals
(one university hospital and one large teaching hospital), were invited to participate in a
questionnaire by their treating gynaecologist. Patients were sampled using the purposive
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sampling technique and represented women who were eligible for OS. Therefore, patients
were not selected for age assuming that hysterectomy or sterilization was not performed
in case of uncompleted childbearing. Patients were excluded from participation and
completion of the questionnaire if OS was not discussed during counselling. Written
information was sent on behalf of their gynaecology department.
Professionals
Members of the NVOG with a special interest in endoscopy, oncology and urogynaecology
were invited by email to participate in a questionnaire. We used the purposive sampling
technique for sampling. Members were predominantly gynaecologists, but included
gynaecological residents as well.
Data collection
Based on the results of the interviews (qualitative phase), two researchers (MG, RH)
developed separate web-based questionnaires for patients and professionals in the
online tool ‘LimeSurvey’.20 For convenience, the patient questionnaire was also available
on paper. Both questionnaires started with a section on baseline characteristics
followed by statements on qualitatively identified barriers and facilitators that could
be answered according the 4-point Likert Scale (strongly disagree, disagree, agree,
and strongly agree). The option ‘not applicable’ was omitted to elicit an answer. The
patient questionnaire (Supplementary methods 3) contained 28 questions and was
pilot tested by seven women, which was then adapted based on their feedback. The
professional’s questionnaire (Supplementary methods 4) contained 46 questions and
was pilot tested by two gynaecologists and five gynaecology residents as well. Initially all
questions were mandatory but as the questionnaire was cut short if people felt unable to
answer, all questions were made optional and could be left blank. Participants received
information on the aim of the study and questionnaire. The patient invitation and
questionnaire were sent by mail or e-mail if the e-mail address was accessible. Patients
who received the invitation by mail had the choice to complete the questionnaire on
paper or online via an URL. The questionnaire for professionals was sent by mass mail
and accessible via an URL. Completing the questionnaire took approximately 5–10 min.
All data was processed anonymously and collected in an electronic database using
Castor EDC (Electronic Data Capture) between January 2020 and June 2020.
Data analysis
Data was analysed using SPSS (IBM Corp. Released 2016. IBM SPSS Statistics, version
24.0). Baseline characteristics were descriptively analysed and presented as percentage
or mean value. Descriptive statistics were used to calculate the agreement with the
statements. Responses reported were categorized in the scores ‘strongly disagree’,
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‘disagree’, ‘agree’ and ‘strongly agree’. In the text, ‘Disagree’ represented all ‘strongly
disagree’ and ‘disagree’ responses amalgamated. ‘Agree’ represented all ‘strongly
agree’ and ‘agree’ responses amalgamated.
Internal consistency of the questionnaires was assessed with Cronbach’s alpha per (sub)
domain to estimate the reliability.21 All Cronbach’s alfa values were > 0.6, indicating an
acceptable level of reliability except for the professionals’ subdomain ‘Patient: beliefs
and knowledge’ (Supplementary results 1).
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Results
An overview of the baseline characteristics of all participants is provided in Table 1. A
staged narrative approach is used for reporting qualitative and quantitative findings.12
The qualitative data is discussed first, an overview is provided in Table 2. Subsequently,
the barriers and facilitators most frequently identified in quantitative analysis are
discussed by domain.
Table 1. Baseline demographics of patients and professionals in interviews and questionnaires.
Interviews

Questionnaires

Patients

(n=11)

(n=77)

Duration interviews (in minutes)

19.8 (±4.2)

Age (in years)

42 (±7)

43 (±7)

Primary/pre-vocational school

0

8 (10%)

Vocational education

3

26 (34%)

Pre-college education/college

1

30 (39%)

University

0

12 (16%)

Missing

7

1 (1%)

Hysterectomy

6

59 (77%)

Sterilisation

5

18 (23%)

Premenopausal

10

60 (78%)

Menopausal

0

14 (18%)

Postmenopausal

1

2 (2%)

Missing

0

2 (2%)

First-degree relative

1

2 (3%)

Second-degree relative

2

3 (4%)

None

1

70 (91%)

Unknown/missing

7

2 (3%)

7

55 (71%)

Yes, patient chose against OS

2

14 (18%)

No, clinician made the decision

2

6 (8%)

Other

0

2 (3%)

Level of education

6

Type of surgery

Menopausal state

Family history of ovarian cancer

Made the decision on whether or not to undergo OS herself
a

Yes, patient chose for OSa
a
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Table 1. Continued.
Interviews

Questionnaires

Patients

(n=11)

(n=77)

Counselled by gynaecologist

11

74 (96%)

0

3 (4%)

Yes

9

70 (91%)

No

0

3 (4%)

Missing

2

4 (5%)

Interviews

Questionnaires

Professionals

(n=20)

(n=204)

Gynaecologists

12 (60%)

195 (94%)

Missing
Satisfied with the decision

Duration interviews (minutes)

24.9 (±7.3)

Age (years)

47.4 (±7.3)

Work experience (years)

12 (IQR

46.8 (±7.8)

b

7–16)

10 (IQRb 5–17)

Gender
Female

9

132 (68%)c

Male

3

63 (32%)c

Benign and/or endoscopy

2

130 (67%)c

Oncology

11

83 (43%)c

Urogynaecology

7

57 (29%)c

Other

0

6 (3%)c

Academic

1

40 (21%)c

Teaching hospital

9

110 (57%)c

Non-teaching hospital

2

50 (26%)c

8

9 (4%)

Special interestd

Type of hospitale

Gynaecological residents
Duration interviews (minutes)

40

Age (years)

33 (±3)

34 (±2)

Female

7

7

Male

1

2

1 or 2

1

0

3 or 4

5

0

5 or 6

2

9

Gender

Year of residency

136

Barriers and facilitators in the implementation of opportunistic salpingectomy

Table 1. Continued.
Interviews

Questionnaires

(n=11)

(n=77)

Benign and/or endoscopy

0

7

Oncology

2

2

Urogynaecology

6

5

Other

0

0

Patients
Special interest

d

Data are presented as mean and standard deviation or as frequency and percentage. a Opportunistic
salpingectomy. b Inter quartile range. c Percentage of gynaecologist or gynaecological residents’
subgroup. d Gynaecologists and gynaecological residents might have multiple special interests. e
Some gynaecologists were employed in multiple hospitals.

Qualitative phase
Patients
Thirteen patients were approached for participation in an individual interview.
Participation was refused by two patients since they did not respond to invitation.
Interviews were conducted with 11 patients between June 2019 and February 2020.
Six patients underwent a hysterectomy and five a sterilization. Two patients made the
decision against OS. Interviews took 15 to 25 min and were conducted by one of two
researchers (MG, LvL).
Professionals
All gynaecologists who were approached to participate participated. Individual
interviews were conducted with 12 gynaecologists between December 2019 and March
2019. Individual interviews took 15 to 40 min. Gynaecologists had mainly oncology as
special interest and their median work experience duration was 12 years. Additionally,
eight gynaecological residents participated in a focus group interview and took
approximately 40 min.
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Table 2. Barriers and facilitators identified during interviews and focus group by patients and
professionals.
Domain

Barriers

Identified by patients
Innovation
(OS)a

• Low life time risk of ovarian cancer in general population
• Insufficient evidence of long-term risks and effects

Patient

•
•
•
•

Unwillingness to have healthy organs removed
Lack of insight into the size of surgery
Worry if OS fails
Complicated choice whether or not to undergo OS

Identified by professionals
Innovation
(OS)

•
•
•
•
•
•
•

Low life time risk of ovarian cancer in general population
Presence of residual risk of ovarian cancer after OS
Risk of overtreatment
Complicating the surgery, especially in patients with certain medical history
More difficult during vaginal surgery
More extensive surgery as sterilisation method
Unclear limits of the eligible population

Health care
professional

•
•
•
•

Unaware or not convinced of evidence
Insufficient skills to perform OS
Experiencing time pressure during consultation due to counselling for OS
Forgetting to counsel about OS

Patient

•
•
•
•
•
•
•

Unwillingness to have healthy organs removed
Unwillingness to take unnecessary risks
Fear of earlier menopause
Lack of knowledge concerning the disadvantages
Lack of insight into the size of surgery
Lack of knowledge concerning the difference between ovaria and Fallopian tubes
Complicated choice

Organization

•
•
•
•

Limited time to provide counselling
Increased surgical time, especially for sterilisation
More time and pathologists needed for analysis of the Fallopian tubes
Additional (telephone) consultation required

Social

Economic
and financial
a

• Higher costs due to Fallopian tube analysis by pathologists
• Higher costs due to increase in surgical time in case of sterilisation
• Invoicing of OS is unclear

Opportunistic salpingectomy.
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Facilitators
•
•
•
•

Reduction of ovarian cancer risk
Family history of ovarian cancer
Fallopian tubes lose function after completion of childbearing
High lethality rate of ovarian cancer

•
•
•
•

Reliable information material such as a decision aid
Counselled and advised by their gynaecologists
Confidence in treating physician
A small additional scar in case of sterilisation is not a problem

•
•
•
•
•
•

Reduction of ovarian cancer risk
High lethality rate of ovarian cancer
No increase in complication risk compared to complication irks of the primary procedure
No extension of surgery in case of hysterectomy
Fallopian tubes lose function after completion of childbearing
Family history of ovarian cancer

6

• Uniform counselling material such as a decision aid
• Performing a national prospective follow-up study for OS and ovarian cancer registration

• High acceptance among patients
• High awareness of OS
• Not worrying if performing OS fails

• Counselling for OS possible during regular consultation
• No additional surgical instruments are required

•
•
•
•
•

National consensus on OS
Communal policy about OS in gynaecological department
Inclusion of OS in the guidelines of the Dutch society for Obstetrics and Gynaecology (NVOG)
Inclusion of OS in the guideline of the Dutch College of General Practitioners (NHG)
Inclusion of the recommendation to discuss OS in several guidelines of international societies

• Cost-effectiveness on long-term due to opportunistic nature
• No extra costs in case of additional intervention
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Barriers and facilitators
Patients identified six barriers and eight facilitators in only two domains; ‘innovation’ and
‘patient’. Professionals identified 26 barriers and 21 facilitators in all domains (Table 1),
ten of them were identified by both patients and professionals. Figure 2 illustrates
barriers and facilitators in implementing OS identified in interviews by domain.
Several barriers and facilitators appeared consistently throughout all interviews. As a
result, they were clear based on the qualitative data. We refrained from verification
through questionnaires to limit the length of the questionnaire. In the domain innovation
this concerned: the low life time risk of ovarian cancer in the general population and
the residual risk after OS as barriers, mentioned by both patients and professionals.
The reduction of ovarian cancer risk combined with the high lethality of this disease,
the loss of tubal function after completion of childbearing, and family history of ovarian
cancer were appointed as facilitators.
Quantitative phase
Patients
The questionnaire was sent to 287 patients and yielded a response rate of 37% (n=106);
27 patients were excluded as they were not counselled on OS, and two patients did
not complete the questionnaire. Responses of 77 patients were included for analysis.
Patients represented different educational levels and had a mean age of 43 years
(Standard deviation (SD) 6.5). Furthermore, 69 patients made the decision for or
against OS themselves, 55 of which choose for OS.
Professionals
The questionnaire was sent to approximately 600 members of the NVOG with special
interest in endoscopy, oncology and urogynaecology and yielded a response rate of
34%. All 204 responses were included for analysis: 94% of the respondents were
gynaecologists, 56% was employed in a teaching hospital. Both gynaecologists and
residents had mainly benign and/or endoscopy as special interest. The median work
experience duration among gynaecologists was 10 years (IQR 5–17).
Barriers and facilitators
The patients’ questionnaire contained eight barrier and nine facilitator statements
exclusively in the subdomain ‘patient’ (Figure 3). The professionals’ questionnaire
contained 24 barrier and 18 facilitator statements in all domains (Figure 4).
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Figure 2. Illustrative quotations from patients and professionals concerning barriers and facilitators
on implementation of opportunistic salpingectomy.
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Figure 3. Patients’ responses to statements regarding barriers and facilitator towards implementation of opportunistic salpingectomy by domain.
a
Opportunistic salpingectomy.
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Figure 4. Professionals’ responses to statements regarding barriers and facilitator towards implementation of opportunistic salpingectomy by domain.
Opportunistic salpingectomy.

a
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Innovation (OS)
Professionals indicated that OS cannot be performed in all cases without additional
risks due to adhesions and vaginal approach (66%), and the insufficient evidence on
the long-term effects such as age at onset of menopause (43%) as barriers. Almost
all professionals (99%) mentioned the high success rate of OS as facilitator for the
laparoscopic/laparotomic approach.
Patient
Patients mentioned three barriers related to patients’ knowledge: 1. lack of knowledge
on the possible disadvantages of OS (37%), 2. no insight in the size of the surgery
(44%), in which size refers to the potential complications and health impact associated,
and 3. never heard of the possibility of OS prior to consultation (45%). The first two
barriers were identified as barrier by professionals as well (85 and 77% respectively).
Regarding patients’ motivation, 46% of patients attributed their reluctance to concerns
about removing healthy organs if this was not required. Moreover, patients would be
concerned if OS could not be performed during surgery because of an increased risk
of complications (52%). In contrast, professionals (63%) indicated that patients were
often unconcerned if OS could not be performed.
Regarding facilitators, 40% of the patients mentioned the need for counselling
material complementary to consultation with their gynaecologist, in particular for a
patient decision aid (PtDA) about OS during abdominal surgery (43%) and the various
sterilization methods including OS (72%).
Health care professional
Professionals mentioned one barrier concerning insufficient skills to perform OS by
vaginal approach (53%) and six facilitators related to their needs and preferences
such as additional counselling material about OS (67%). A PtDA about OS as addition
to abdominal surgery (51%) and the various sterilization methods including OS (78%)
could facilitate counselling. Furthermore, professionals indicated they would counsel for
OS more often if they had access to counselling material (49%), and if more evidence
existed about its effectiveness with regards to risk reduction (45%) and long-term
effects of OS such as the onset of menopause (53%).
Organizational context
Professionals mentioned the need for more surgery time (38%), and an increase of
the consultation duration (36%) as barriers. Of the professionals, 80% reported that
all Fallopian tubes should be submitted for pathological analysis.
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Social context
According to 99% of the professionals, a clear policy on OS within the individual
gynaecology departments would contribute to implementation of OS. To ensure
complete implementation of OS national consensus would be necessary (92%).
Including OS in the guidelines of the NVOG (99%) would facilitate the implementation.
Economic and political context
Professionals mentioned not knowing how OS should be invoiced (72%) and which
diagnosis treatment combination contains OS (72%) as barriers.

6

147

Chapter 6

Discussion
In this mixed-method study, we identified influencing factors for the implementation of
OS from patients’ and professionals’ perspective through semi-structured interviews
and questionnaires. In interviews, patients indicated solely barriers and facilitators in
the innovation and patient domain. Professionals indicated barriers and facilitators in
all domains. Both stakeholders consistently mentioned the overall low ovarian cancer
risk and residual cancer risk after OS as main barriers. Cancer risk reduction and high
lethality of ovarian cancer were main facilitators together with the loss of tubal function
after completion of childbearing and family history of ovarian cancer. Subsequently,
questionnaires determined the importance of barriers and facilitators found. Among
other things, both stakeholders indicated patients lack of knowledge about OS as
barrier, and the availability of adequate counselling material as facilitator.
From a patients’ perspective, the most important barrier in deciding whether or not
to undergo OS is that they are simply unaware of its existence. Patients also lack
knowledge on the advantages, disadvantages and the magnitude of the intervention,
which prevents a well-informed decision. Adequate information on all aspects of the
surgery is essential to enable patient participation in decision making.22 The content
should be based on the patients’ knowledge needs and fully explain all aspects that
could potentially influence the decision for patients.
Whether or not patients want to undergo OS depends on their personal beliefs and
values. Although healthcare professionals often feel they know what is important for
patients, this may not always be true.23 Our findings show discrepancies between patients’
and professionals’ responses on the domain of patient emotions and motivation, for
example on patients’ concerns following a failed OS or that some patients are reluctant
about the removal of healthy organs if this is not strictly necessary. Uniform counselling
material could counteract the current practice variation caused by professionals’
preferences in patient counselling, especially due to the preference sensitive nature
of this decision.24 Incorporating the counselling (material) of OS in gynaecological
guidelines subsequently creates consensus.25
An important barrier for professionals is the gap in evidence on the long-term effects of
OS, especially regarding the onset of menopause. OS could potentially accelerate onset
of menopause through a reduction of the blood supply to the ovaries and a subsequent
diminished ovarian reserve. Earlier menopause could affect sexual wellbeing, quality
of life and increased cardiovascular disease risk.26,27 Although short-term follow-up
studies do not show a decreased ovarian reserve due to OS in women who underwent
hysterectomy, a recent review indicates a possible effect consistent with an earlier
onset of menopause with a maximum of 20 months.28 In spite of the probability that
clear evidence on long term effects will take several more decades, the popularity of
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OS is increasing. Therefore, until more evidence is obtained from currently ongoing
trials such as HOPPSA (ClinicalTrials.gov; NCT03045965) and STOPOVCA-young
(ClinicalTrials.gov; NCT04757922), it is crucial to inform patients that OS may lead to a
slightly earlier onset of menopause.29
Professionals questioned the feasibility of OS in patients with adhesions. Since these
patients have an increased risk of complications during abdominal surgery, it raises the
question whether the benefits continue to outweigh the risks. The same applies to OS
during vaginal surgery; professionals indicate they may lack the skills to perform OS via the
vaginal route. These findings are likely to be related to the inaccessibility of the Fallopian
tubes and less experience with the vaginal approach. However, the vaginal approach should
not be a contraindication to OS since professionals report a high success rate.30 Moreover,
a vaginal approach is often preferable as these patients return to normal activities more
quickly.31 Professional should remain aware of the opportunistic and preventive nature of OS
and should refrain from performing OS if the benefits do not outweigh the risk. Informing
patients of this caveat will provide reassurance if the intention of OS cannot be fulfilled.
The main organizational barrier to implement OS is the additional time it takes in
several aspects of daily practice, particularly: 1. additional surgical time due to OS,
which reflect the findings of McAlpine et al. and Jones et al., 2. the need for additional
counselling time to discuss OS, leading to longer consultations, and 3. additional routine
examination of the Fallopian tubes requires time of the pathologist.32,33 This touches on
the barriers found on the financial level, indicating the uncertainties about invoicing
of OS, since OS is performed in addition to an already planned surgery. A short-term
solution is required through national regulations regarding billing. Although OS may
incur additional health care costs in the short-term, long-term health care costs
concerning ovarian cancer will decline as OS will reduce the number of cancer cases.34,35
Our study shows a variation in current practice regarding OS by the proportion of
patients who were not counselled and did not receive any information about OS. This is
in contrary with the international guidelines that recommend discussion of OS with all
women undergoing gynaecological abdominal surgery after completion of childbearing.
To reduce this variation, the uptake of OS by professionals might be promoted through
exposure of the recommendations from multiple sources.36 Both our findings and the
study by Jones et al. suggest a source like a guideline outlining the safety, potential
benefits and risks of OS.33 Moreover, the mentioned barriers on lack of knowledge and
counselling can be assuaged by the development of a PtDA, according to the criteria
of the International Patient Decision Aid Standards Collaboration.37 In this counselling
tool, the decision regarding OS needs to be deliberated on complete information of
(potential) disadvantages and benefits. In this way a PtDA about OS could ease both
stakeholders’ needs for counselling material, improve patients’ knowledge, assist
counselling by professionals and function as source.
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The main strength of our study was that we used mixed-methods to identify possible
influencing factors from the perspective of both patients and professionals. The indepth interviews of phase 1 explored a wide range of detailed barriers and facilitators,
while the questionnaires of phase 2 provided insight into whether these barriers and
facilitators were more personal or if they were supported by a majority of the group. We
used the theoretical frameworks of Grol & Wensing and Flottorp for exploration of both
barriers and facilitators influencing implementation of OS. Clearly, there are limitations
of the present study. First, the use of these frameworks could be argued since patients
indicated influencing factors in solely two domains, while factors that facilitate or hinder
implementation in clinical practice might affect various domains. However, our findings
suggest that this is not applicable to patients in the implementation of OS. It could
conceivably be hypothesized that the minor addition of OS not noticeably affects the
care process for patients. Secondly, the inclusion of solely professionals experienced
with gynaecological surgery and the skewedness towards the special interest oncology
might bias the existing barriers and facilitators in the entire gynaecological field. For
example, obstetricians who are less likely to perform an OS, might have other insights
because of their less experience in adnexal surgery. Generalizability of our finding can
therefore be questionable. Finally, some statements were identified as both a barrier
and a facilitator during the interviews. To prevent participants from feeling that they
had to answer the same question twice, we included a statement as a barrier if the
statement was more often referred to as a barrier during the interviews and vice versa.
However, if this statement was not confirmed as barrier during the quantitative phase,
it remained unclear if it would have been a facilitator instead.

150

Barriers and facilitators in the implementation of opportunistic salpingectomy

Conclusion
We identified barriers and facilitators affecting the implementation of OS. To reduce
the variety in care regarding OS, consensus among gynaecologists on the indication for
OS and the content of uniform counselling seems needed. Gynaecological guidelines
and a PtDA could serve as implementation tools for both stakeholders.
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Abstract
Objective: The discovery of the Fallopian tube epithelium as the origin of high-grade
serous ovarian cancer has brought a new option for ovarian cancer prevention.
The Fallopian tubes have no known function after completion of childbearing
and can be removed to reduce the lifetime risk of ovarian cancer. Although the
lifetime risk in the general population does not justify preventive surgery in itself,
salpingectomy can be performed during abdominal surgery for other indications,
also known as an opportunistic salpingectomy. The popularity of opportunistic
salpingectomy is increasing worldwide; however, the variation between
gynaecologists and hospitals in their advice on opportunistic salpingectomy occurs
because of the remaining uncertainty of evidence. Therefore, whether a woman
can make her own decision depends on the hospital or gynaecologist she visits.
We aimed to lower this practice variation by providing standardized and unbiased
counselling material. To this end, we developed and tested a patient decision
aid for opportunistic salpingectomy in women undergoing pelvic gynaecologic
surgery to either retain the ovaries or opt for sterilization.
Methods: We followed a systematic development process based on the International
Patient Decision Aid Standards. Data were collected between June 2019 and June
2020, using both qualitative and quantitative methods. The development process
that occurred in collaboration with patients and healthcare professionals was
overseen by a multidisciplinary steering group and was divided into 4 phases;
1. assessment of decisional needs using individual telephone interviews and
questionnaires, 2. development of content and format based on decisional needs,
current literature, and guidelines, 3. alpha testing and the first revision round, and
4. alpha testing and the second revision round.
Results: An outline of the patient decision aid was developed on the basis of
decisional needs, current literature, and guidelines. It became clear that the
decision aid should consist of 2 separate paths: one with information specifically
for salpingectomy in addition to abdominal surgery and one for salpingectomy
as a sterilization method. Both paths contained information on the anatomy
and function of ovaries and Fallopian tubes, risk reduction of ovarian cancer,
and potential benefits and risks of opportunistic salpingectomy. Moreover, the
sterilization path contains information on various sterilization methods and risks of
unwanted pregnancy. The patient decision aid was developed as an online tool that
includes information chapters, a knowledge quiz, consideration statements, and
a summary detailing the patient’s preferences and considerations. Adjustments
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were made following alpha testing round 1. The improved patient decision aid was
subjected to usability tests (alpha testing round 2), in which it scored an “excellent”
in tests with patients and a “good” in tests with gynaecologists. Furthermore, our
patient decision aid met the requirements of 45 of 49 applicable items from the
International Patient Decision Aid Standards criteria.
Conclusion: In collaboration with patients and healthcare professionals, a patient
decision aid was developed on opportunistic salpingectomy and salpingectomy
as a sterilization method. Both patients and gynaecologists believed it is a
useful tool that supports patients in making an informed decision whether to
undergo an opportunistic salpingectomy and supports the counselling process
by gynaecologists.
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Introduction
Ovarian cancer is the leading cause of death from gynaecologic malignancies, and
despite many attempts to improve survival through earlier detection or more extensive
treatment, the prognosis remains poor.1,2 A new option for prevention has emerged
after the discovery of the Fallopian tube epithelium as the origin of high-grade serous
ovarian cancer, the most common subtype of ovarian cancer.3–5 The Fallopian tubes
have no known function after completion of childbearing and thus, may be removed
at that time, without the hormonal implications associated with risk-reducing salpingooophorectomy (RRSO). RRSO is used for ovarian cancer prevention in high-risk
populations, such as BRCA1/2 gene germline mutation carriers. Although the lifetime
risk of ovarian cancer in the general population, which is approximately 1.3%, does not
justify preventive surgery in itself, salpingectomy can be performed during abdominal
surgery for other indications, the so-called opportunistic salpingectomy (OS).6
All pieces of evidence on the effectiveness and safety of OS indicate that salpingectomy
reduces ovarian cancer incidence without major adverse effects.7–9 However, some
uncertainties remain, predominantly on possible long-term adverse effects and the
effect of OS on ovarian reserve and thereby onset of menopause. The remaining
uncertainties have not prevented many international societies from discussing OS, given
that OS is a small additional intervention that prevents death from ovarian cancer.10–12
However, there is no guideline on how to counsel patients, and the lack of clear-cut
evidence makes OS vulnerable to practice variation. This is reflected in the findings of
studies on the implementation of OS, which have revealed a variation in care.13 Whether
women are offered OS depends on the hospital or individual gynecologist a patient
attends, which is both undesirable and unethical.14
Given the current practice variation regarding OS and increasing movement toward
patient-centred care, there is a need for standardized and balanced counselling tools,
such as a patient decision aid (PtDA).15 A PtDA is particularly suitable for preferencesensitive decisions where none of the options is superior over the other.16 A PtDA on
whether to undergo OS allows patients to make a well-considered and informed decision
as it provides information on the options and helps patients consider information on
potential benefits and risks reflecting their values.
Currently, there is no PtDA available on OS for women at risk of ovarian cancer. To
provide such a tool, we systematically developed and tested a PtDA for OS in women
undergoing intra-abdominal surgery and in women opting for sterilization.
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Materials and methods
Scope
The development of a PtDA was part of the STOP OVarian CAncer (STOPOVCA) project
(ClinicalTrials.gov; Identifier: NCT04470921), which is aimed at the implementation of
OS throughout the Netherlands. The scope of the PtDA was defined as the decision
whether to undergo OS to reduce ovarian cancer risk later in life and had to discuss
the options with potential benefits and risks. The PtDA was developed for gynaecologic
patients but can be adapted for use by other surgical specialties. The development was
executed according to the systematic development process by Coulter et al. and based
on the International Patient Decision Aid Standards (IPDAS).17,18
Steering group
The development process was overseen by a multidisciplinary steering group, including
a patient panel with representatives of 2 patient associations, an expert panel of 2
gynaecologists, a gynaecologic resident, a medical ethicist, and an expert in the field
of development and implementation of PtDA. Members of the steering group had no
conflict of interest. In addition, the drafts of the PtDA were revised by the Dutch Society
for Obstetrics and Gynaecology (NVOG).
Iterated systematic development
Procedure
The iterated systematic developmental process was divided into 4 phases: 1. assessment
of decisional needs, 2. development of content and format, 3. alpha testing and revision
round 1, and 4. alpha testing and revision round 2. In phases 3 and 4, qualitative and
quantitative methods were used. Each step is described below, and an overview is
presented in Figure 1.
Patients’ and gynaecologists’ decisional needs
We conducted individual semi-structured telephone interviews with patients and
gynaecologists on preferred content and format, optimal timing for the PtDA, and who
should provide the PtDA. For PtDA content, informational items that were identified
by patients were leading. As all gynaecologists identified similar items as patients, a
quantification of preferred content items was based on a questionnaire only among
patients. Supplementary methods and results 1, Supplementary table 1 and
Supplementary table 2 contain the detailed methods used and the results obtained.
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Figure 1. Development process of the patient decision aid.
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Content and format
The project group, consisting of 2 gynaecologic oncologists, an expert in the field of
quality of care, and 2 medical doctors, developed the first draft of the PtDA, using
content based on the decisional needs’ assessments, national guidelines of the NVOG,
current literature, and expert opinion of the steering group. For current literature
on OS, we searched PubMed using the following terms, “opportunistic” along with
“salpingectomy” and “sterilization” in combination with “salpingectomy.” Moreover,
we discussed the findings during a meeting with the project and steering group until
consensus on the content was reached. Based on the comments of the steering group,
the PtDA was redacted into a second draft that was assessed by “Stichting Makkelijk
Lezen,” a foundation that aids the use of simple language. Their comments were used
to revise the third draft that received the “Stichting Makkelijk Lezen” quality mark,
indicating the use of clear and understandable language for people with reading
difficulties.
Alpha-testing and revision round 1
The third draft of the PtDA was used for comprehensibility and usability tests by
patients and gynaecologists. Ten patients who decided on OS were interviewed during
an individual think-aloud video call. Patients were asked to use the PtDA as if they were
still undecided and to share their screen so that the interviewer (MG) can observe how
the patient used the PtDA. The interviews concluded with open questions on content
and usability. In addition, 10 gynaecologists who had experience in counselling on OS
were interviewed during individual telephone calls. Gynaecologists were asked to go
through the PtDA in advance, and during the interviews, their comments, opinions, and
questions were extensively discussed for each component of the PtDA. The PtDA was
revised into the fourth draft based on these interviews.
Alpha-testing and revision round 2
The usability of the fourth draft of the PtDA was tested by patients and gynaecologists
through an online questionnaire that was developed by 2 researchers (MG and RH)
and contained demographic questions and questions on length, comprehensibility, and
reliability of the PtDA. The usability was tested using the System Usability Scale (SUS).19
Thirty-nine patients who participated in the decisional needs questionnaire permitted
to be contacted again for research purposes and were approached by email, as were
25 gynaecologists with experience in counselling on OS. All participants were asked to
go through the PtDA before the questionnaire. Final revisions were made on the basis
of questionnaire data.
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Data collection and analysis
Data were collected between June 2019 and June 2020. Decisional needs interviews
were recorded and transcribed verbatim. The transcripts were coded independently by
2 researchers (LvL and MG) using ATLAS.ti (version 7.5.15; ATLAS.ti Scientific Software
Development GmbH, Berlin, Germany). During the think-aloud interviews, field notes
were made, which served as the basis for the full reports written immediately after the
interviews. The questionnaire data were processed anonymously through the collection
of electronic data using Castor Electronic Data Capture and descriptively analysed
(frequencies, median, means) using IBM SPSS Statistics, version 24.0 (released 2016;
IBM Corp, Armonk, NY).
Ethical approval
Given the nature of this study and the low impact on participants, the Medical Research
Involving Human Subjects Act (Dutch: WMO) does not apply, as confirmed by the Medical
Ethical Committee “CMO Regio Arnhem-Nijmegen” (file number 2018-4978). Written
informed consent of all participants was received before interviews and questionnaires.
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Results
Content and format
Given the fundamental difference between OS and salpingectomy as a sterilization
method, the project and steering group decided there should be 2 “paths” within the
PtDA tailored to the patients’ situation: 1. I will undergo abdominal surgery, or 2. I will
undergo sterilization. Figure 2 provides an overview of the contents for each path,
based on the decisional needs assessments (Supplementary methods and results 1,
Supplementary table 1 and Supplementary table 2). The information chapters were
followed by a quiz with statements on the provided information, allowing patients to
test their knowledge. Subsequently, consideration statements helped patients gain
insight into what they find important (Supplementary results 2). Moreover, women
can indicate whether they prefer OS or if they are undecided. Eventually, a summary
of the preference statements was provided.
The PtDA was developed as an online tool accessible through various devices. A
consultation sheet was developed to support gynaecologists in counselling and to hand
out the PtDA during a face-to-face consultation. For video consultations, a handout was
developed that can be sent by mail. Figure 3 provides a step-by-step plan in using the
PtDA from handout to shared decision.
Alpha-testing and revision round 1
The think-aloud individual video interviews with patients lasted between 15 and 30
minutes. Patient demographics are presented in Table 1. Patients had a positive
impression of the PtDA because of the natural flow of the information, high
comprehensibility because of the language level of content, and the pleasant use
of colour. Most patients indicated the information to be sufficient; however, 1 patient
regarded the summary of potential benefits and risks as superfluous. In addition,
patients indicated that there should be more emphasis on the fact that OS is a form of
sterilization and thus prevents a woman from becoming pregnant.
Individual telephone interviews with gynaecologists lasted between 20 and 40 minutes.
The gynaecologists found the PtDA easy to use, easy to comprehend, and to have
a professional appearance. The gynaecologists preferred to omit the gynaecologic
examples given to illustrate “abdominal surgery,” to appeal to a broader target audience
in the future. Some gynaecologists preferred additional information on the long-term
effects of earlier menopause, such as osteoporosis and cardiovascular disease, and
advised to delete the statement regarding re-fertilization in the quiz as it could create
confusion for patients. Regarding the sterilization path of the PtDA, it was advised to
add other possible contraceptives and the probability of pregnancy through in vitro
fertilization following the information on surgical forms of female sterilization. Moreover,
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the PtDA was discussed in detail textually, grammatically, and constructively, resulting
in additions, replacements, or omissions of words and sentences. All comments, except
the comment on adding other possible contraceptives in the sterilization path, were
discussed and accepted during a meeting with the steering group. According to the
steering group, the PtDA should solely be distributed to women who opt for sterilization
and not to women who are still deciding what contraception to use. After the meeting,
the PtDA was revised into a fourth draft.

Figure 2. Table of content for each decision aid path. a. Table of content for each decision aid path,
“I will undergo abdominal surgery.” b. Table of content for decision path: “I will undergo sterilization.”
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Table 1. Baseline demographics of patients and gynaecologists in alpha testing.
Alpha testing
round 1

Alpha testing
round 2

Patients

n=10

n=10

Age (in years)

48 (±11)

43 (±3)

Primary/pre-vocational school

1

1

Vocational education

4

3

Pre-college education/college

2

5

University

2

1

Missing

1

0

Hysterectomy

5

8

Sterilisation

5

2

Yes, patient chose for OSa

7

10

Yes, patient chose against OSa

1

0

No, clinician made the decision

2

0

Yes

8

10

No

0

0

Missing

2

0

Alpha testing
round 1

Alpha testing
round 2

n=10

n=11

47 (±10)

45 (±6)

Female

7

8 (73%)

Male

3

3 (27%)

12 (±10)

10 (±5)

Benign and/or endoscopy

1

4 (36%)

Oncology

4

5 (46%)

Urogynaecology

3

2 (18%)

No subspecialty

2

0

Academic

1

1 (9%)

Teaching hospital

6

10 (91%)

Non-teaching hospital

3

0

Level of education

Type of surgery

Made the decision on whether or not to undergo OS herself

Satisfied with the decision

Gynaecologists
Age (in years)

7

Gender

Experience (in years)
Subspecialty

Type of hospital

Data are presented as median and standard deviation or as frequency and percentage. a Opportunistic
salpingectomy.
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Figure 3. Step-by-step plan in using the patient decision aid (PtDA) from handing out to shared decision.
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Alpha-testing and revision round 2
The patient questionnaire yielded 12 responses (response rate of 31%). Two patients
were excluded as they did not complete at least 50% of the questionnaire. Moreover,
8 patients underwent a hysterectomy, and 2 patients underwent sterilization. All
patients opted for OS. The gynaecologists’ questionnaire yielded 11 responses (44%).
The gynaecologists represented the following subspecialties: benign or endoscopy,
oncology, and urogynaecology. Table 1 presents an overview of the demographics of
patients and gynaecologists.
Figure 4 illustrates all responses to the questionnaire. According to most patients and
gynaecologists, the used font size was just right, the content, illustrations, and tables
were comprehensible, and the information was given in logical order. The patients’
average SUS score was 80.3, which indicated excellent usability. The gynaecologists’
average SUS score was 71.3, which indicated good usability. On a numeric rating scale
from 1 to 10, patients and gynaecologists rated the PtDA with average scores of 8.8 and
7.2, respectively. Patients and gynaecologists recommended the PtDA to other women
with average marks of 9.3 and 7.7, respectively. More details are presented in Table 2.
Following alpha testing round 2, minor changes in wording and illustrations were made.
The content remained unchanged, but a tip box was added that emphasizes that OS
is complementary to the surgery and that a patient should contact their treating
physician for information about their general surgery.
Table 2. Usability scores for the patient decision aid during alpha testing round 2.
Variable
SUS score

Mean (±SD)a
b

Patients (n=9)

80.3 (±7.4)

Gynaecologists (n=9)

71.3 (±13.1)

Report mark of PtDAc
Patients (n=9)

8.8 (±0.7)

Gynaecologists (n=9)

7.7 (±1.9)

Recommendation mark of PtDA

c

a

Patients (n=9)

9.3 (±0.7)

Gynaecologists (n=9)

7.2 (±2.9)

Standard deviation. b System Usability Scale. c Patient decision aid.

International Patient Decision Aid Standards criteria
Of the 49 applicable items from the IPDAS criteria, our PtDA met the requirements of
45 items. Supplementary results 3 explains the IPDAS assessment.
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Figure 4. Responses from usability questionnaire during alpha-testing round 2. The percentage is
given as total respondents per question.
a
Patient decision aid.
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Discussion
Principal findings
We described the systematic development process and alpha testing of an online PtDA
on OS to reduce the risk of ovarian cancer. The resulting PtDA has provided a counselling
tool and aided the implementation of OS. There are 2 separate pathways within the
PtDA: 1 contains information specifically for salpingectomy in addition to surgery for
another indication, and 1 is aimed at salpingectomy as a sterilization method. In usability
testing, patients and gynaecologists indicated excellent and good usability with SUS
scores of 80.0 and 71.3, respectively. The PtDA was designed as an additional strategy
to consultation and was currently aimed at gynaecologic patients but can be adapted
for use by other surgical specialties.
Results
Here, patients and professionals had a direct influence on the content, format, and
language use of the developed PtDA. Through the iterated systematic development
process, data were collected repeatedly, and end users were involved in adapting
and improving the PtDA.18 To make the PtDA accessible to every eligible woman, it
was developed as an online tool and written in A2-B1 language level according to the
Common European Framework of Reference for Languages. Although we met most
IPDAS criteria, we made a conscious decision not to meet others.20 For example, visual
representations of percentages and changes in lifetime risks are recommended to
increase correct interpretation by readers.20 However, because of the low lifetime
risk of ovarian cancer in the general population, a visual representation was not
feasible. Moreover, the sterilization pathway within the PtDA was limited to surgical
contraceptive options. Although there are several alternatives to female sterilization,
they were not discussed as the PtDA was designed for use after the decision for surgery
has been made. Counseling on various contraception methods is beyond the scope of
this PtDA. Although this was a conscious decision, it was perceived as a limitation by
some participants as it did not provide a complete contraception PtDA.
Clinical implications
Our newly developed PtDA provided uniform and well-balanced counselling on the
potential benefits and harms of preventive OS. Generally, unbiased information is
the basis of shared decision-making and is especially important for interventions of
a preference-sensitive nature.16 The outcomes of the intervention can be regarded
differently based on personal beliefs and values, which is why every eligible woman can
make her own decision, regardless of the hospital or gynaecologist she visits.

171

7

Chapter 7

In the future, the PtDA can be adapted for use by other specialties, such as surgeons
or urologists, as the popularity of OS is increasing, including outside the gynaecologic
field.21 Although the implementation of OS outside the gynecologic field is desirable in
terms of ovarian cancer prevention, it introduces new challenges that require a careful
reassessment of the PtDA. For example, counseling regarding the consequences at
the reproductive and endocrine levels may be beyond the scope of these specialties.
Furthermore, adaptation for use in other countries may require changes depending
on the national standards, preferences, and financing of healthcare. As health
insurance is mandatory in the Netherlands, the OS pathway contains no information
on costs. As sterilization may or may not be covered by insurance depending on the
level of insurance, there is no separate rate for sterilization through tubal ligation
or salpingectomy. Therefore, the decision will not affect the costs for patients. As
healthcare insurance practices and financial implications of OS vary among countries,
the PtDA requires additional options.
Research implications
The PtDA needs to be tested in a clinical setting, so-called beta testing, by patients
and clinicians. Evaluation of usability, feasibility, the degree of decision-making
support, and the role in the counselling process is required to promote the optimal
implementation of the PtDA. Following the beta testing phase, the PtDA will
undergo a final round of revisions in a research setting before implementation in
all Dutch hospitals. Furthermore, additional features can be developed to optimize
accessibility, such as translation to different languages and a read-aloud option
for women who experience reading difficulties or prefer verbal information over
written information. Within the STOPOVCA project, we monitored the ovarian cancer
incidence of women who used the PtDA and gave their consent for enrolment in
a database. As the uncertainty of evidence is larger for women who underwent
OS at a young age, there was an additional research cohort called STOPOVCA
young (ClinicalTrials.gov; Identifier: NCT04757922) in which the age of menopause
of women who underwent sterilization via OS was compared with that of a similar
group of women who underwent sterilization via tubal ligation or women who did
not undergo sterilization at all.
Strengths and Limitations
The main strength of our study was the involvement of end users and a multidisciplinary team with extensive experience in different areas. We developed a PtDA for
OS that, after translation, can be used to lower practice variety and standardize patient
counselling. Throughout the iterated systematic development process, we involved
the end users, ensuring that both patients and professionals had a direct influence on
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content, format, and language use. Although half of the gynaecologists indicated a
PtDA to be excessive in the decision for or against OS, most patients found the PtDA
to be of added value. The involvement of both patients and professionals in every step
has resulted in a well-balanced PtDA.
A main limitation of our study was that the PtDA was not tested in actual practice
(beta testing). Although comprehensibility and usability have been tested in the alpha
testing phase among 20 patients and 21 physicians with very good results, beta testing
is required to finalize the PtDA. This beta testing will be carried out in the next phase of
the STOPOVCA project. Another limitation was the number of included patients in the
alpha testing phase. In revision round 1, half of the included patients had a hysterectomy,
and the other half had undergone sterilization. However, in revision round 2, most
patients had undergone hysterectomy, and only 2 patients had undergone sterilization.
In addition, all patients who participated in alpha testing had opted for OS. In the
individual patient interviews, there was no difference in what patients considered to
be important information among women who decided for or against OS. However, the
PtDA has been specially developed to support the decision-making process regardless
of what decision is made. Evaluation of usability and content in women undergoing
sterilization and those who choose not to undergo OS or opt for tubal ligation is desired
to accurately assess their preferences and needs.
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Conclusion
In collaboration with patients and healthcare professionals, we developed a PtDA on
OS. Our PtDA guided patients toward an informed decision and contributed to the
counselling process by clinicians and shared decision-making. In addition, it provided
standardized counselling, which, in turn, may have contributed to a reduction of the
current practice variation regarding OS.
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Abstract
Objective: We investigated signal transduction pathway (STP) activity in high-grade
serous ovarian carcinoma (HGSC) in relation to progression-free survival (PFS) and
overall survival (OS).
Methods: We made use of signal transduction pathway activity analysis (STA analysis),
a novel method to quantify functional STP activity. Activity of the following pathways
was measured: androgen receptor (AR), Estrogen receptor (ER), phosphoinositide
3-kinase (PI3K), Hedgehog (Hh), Notch, nuclear factor-kappa B (NF-κB), transforming
growth factor beta (TGF-β), and wingless-type MMTV integration site (Wnt). We
selected HGSC samples from publicly available datasets of ovarian cancer tissue,
and used repeated k-means clustering to identify pathway activity clusters. PFS and
OS of the clusters were analysed.
Results: We used a subset of publicly available dataset GSE9891 (n=140), where
repeated k-means clustering based on PI3K and NF-κB pathway activity in HGSC
samples resulted in two stable clusters. The cluster with low PI3K and high NF-κB
pathway activity (n=72) had a more favourable prognosis for both PFS (p=0.004)
and OS (p=0.001) compared to the high-PI3K and low-NF-κB pathway activity cluster
(n=68).
Conclusions: The low PI3K and high NF-κB pathway activity of the favourable
prognosis cluster may indicate a more active immune response, while the high PI3K
and low NF-κB pathway activity of the unfavourable prognosis cluster may indicate
high cell division.
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Introduction
In 2018, approximately 300,000 cases of ovarian cancer were diagnosed worldwide.1
Approximately 60% of these cancers are high-grade serous carcinomas (HGSCs).
Despite aggressive treatment with a combination of surgery and chemotherapy,
HGSC remains the most lethal gynaecological malignancy, with an overall five-year
survival rate of only 30% for advanced stage HGSC.2 Remarkably, both progressionfree survival (PFS) and overall survival (OS) vary greatly among women diagnosed
with advanced stage HGSC, despite histological resemblance and similar treatment. A
subset of women succumbs to the disease within months, while other patients remain
in complete remission for over a decade. As this variety cannot be explained by classic
clinicopathological factors, the question arises whether other tumour characteristics
can account for the variety in survival, such as differences in the underlying tumour
driving mechanisms.
Cellular processes are controlled by signal transduction pathways (STPs), which govern
cell division, migration, differentiation, and up to a certain degree, cell metabolism.3,4
This process is tightly controlled, as aberrant STPs can result in uncontrolled and
unlimited cell growth, and therefore be the driving force of tumour growth and
metastasis.5 Most tumour driving gene mutations known to date are part of one or
more of 12 STPs.6 Although much remains to be elucidated with respect to cancer
genomics, treatment strategies are increasingly tailored to individual patients and their
tumour characteristics. For these therapies to be effective, it is essential to target the
right STP. Unfortunately, identification of the tumour-driving pathway has proven to be
a challenge, which is illustrated by the fact that response rates to targeted therapies
against STPs are often lower than expected.7,8 Activity of STPs can be determined
based on (over-)expression of key proteins of signalling pathways in combination with
analysis of the activity state, or on the genotype of the cancer cell through identification
of specific gene alterations. The problem with the latter approach is that it is based
solely on the genotype of the cancer cell, rather than the functional phenotype, while
evidence is accumulating that the phenotype is affected by other factors, such as the
tumour micro-environment.7 In 2010, Verhaegh et al. developed an approach to assess
the cancer phenotype, using knowledge-based Bayesian network models to interpret a
selection of the cancer transcriptome: signal transduction pathway activation analysis
(STA analysis). It estimates functional pathway activity based on mRNA levels of target
genes of the major oncogenic STPs.9 Currently, eight major pathways can be analysed by
means of this model; androgen receptor (AR), Estrogen receptor (ER), phosphoinositide
3-kinase (PI3K, measured indirectly as, in the absence of cellular oxidative stress, it
is inversely proportional to Forkhead box O (FOXO) activity), hedgehog (HH), Notch,
transforming growth factor beta (TGF-β), nuclear factor-kappa B (NF-κB), and canonical
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wingless-type MMTV integration site (Wnt).7,10–13 In breast and colon cancer, STA analysis
has already proven to be of value, as it accomplishes high accuracy in the determination
of the aberrant STP.7 In women with breast cancer, STA-analysis resulted in a more
accurate prediction of response to neoadjuvant hormonal therapy when compared
to traditional immunohistochemical ER staining.14 Furthermore, STA analysis was able
to identify a subgroup of patients with a more favourable prognosis among women
diagnosed with ER-positive breast cancer treated with tamoxifen, based on actual ER
pathway activity.7 Similar findings are reported in endometrial cancer.15 These results
indicate that STA analysis may be a superior approach to assess STP activity and select
patients for individualized therapies.
As classic clinicopathological factors cannot account for the variation in survival of
women with HGSC, it may be the result of previously unnoticed differences in the
underlying tumour driving mechanisms. We aim to investigate STP activity in publicly
accessible datasets of ovarian cancer to assess possible differences in functional
phenotype as an explanation for differences in PFS and OS of patients with HGSC.
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Materials and methods
4.1. STA Analysis
The development and validation of the available test to measure activity of respectively,
the Wnt and ER pathways; the AR, HH, TGF-β, and NF-κB pathways; the Notch pathway;
and the PI3K–FOXO pathway have been described in detail previously.7,11–13,55 In summary,
the probability of a pathway-associated transcription factor to be actively transcribing
its target genes is derived by a Bayesian computational network. This Bayesian network
describes how measured probe set intensities depend on expression of target genes,
which in turn depend on transcription complex activation.7 STP activity is inferred from
the activity of the transcription factor. For the creation of the computational pathway
models, approximately 25 to 35 target genes per pathway were selected based on
scientific literature.10
For the PI3K pathway, pathway activity is inferred based on the FOXO transcription
factor, as it is directly inverse to PI3K pathway activity in the absence of cellular
oxidative stress.11 In Affymetrix datasets, we used the expression level of the FOXO
target gene SOD2 to determine whether or not there was evidence for oxidative stress,
and subsequently inferred the activity of the PI3K pathway, as previously described.11
As there were only three samples with evidence of cellular oxidative stress, we decided
to present PI3K values throughout this paper.
4.2. Datasets
We searched the Gene Expression Omnibus (GEO; https://www.ncbi.nlm.nih.gov/
geo/) for publicly available datasets containing Affymetrix data of HGSCs with clinical
annotations.16 We limited our search to datasets containing Affymetrix HG-U133Plus2.0
data, as the pathway models have been built and calibrated on probe sets on the
array associated with the selected target genes. As we aim to relate pathway activity
to clinical outcomes, individual patient data was required. Clinical annotations had to
at least include PFS and OS, as well as information on when the sample was taken.
Samples were eligible if they were taken prior to start of chemotherapy. Samples taken
after start of chemotherapy were excluded, as it is known that the treatment affects
STP activity in cancer cells.51,52 We found two datasets suitable for analysis: GSE9891,
with an accompanying paper by Tothill et al. and GSE32062, with an accompanying
paper by Yoshihara et al. All samples were subject to extensive quality control (QC)
based on 12 quality parameters following Affymetrix recommendations and previously
published literature.10,56,57 All samples passed the QC, enabling use of the Affymetrix data
as input for the pathway models to calculate the probability of pathways being either
active or inactive. A normalized score with a range from 0 to 100 for pathway activity
was provided for statistical analysis.14
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For GSE9891, we were able to obtain additional survival data from the Australian
Ovarian Cancer Study (AOCS) (including data from the Westmead GynBiobank). The
AOCS is an internationally available resource that collects biospecimens and extensive
clinical outcome data on women enrolled in the study. As the study of Tothill et al. was
published in 2008, we applied for additional follow-up data on women diagnosed with
HGSC from this dataset. The AOCS study was approved by the Human Research Ethics
Committees at the Peter MacCallum Cancer Centre (Human Research Ethics Project
Number 16/161), The Westmead Institute for Medical Research, Queensland Institute of
Medical Research, University of Melbourne and all participating hospitals. Our request
for additional follow-up data as it was known in October 2019 was provided under
approved AOCS Project #19/07.
4.3. Statistical Analysis
4.3.1. Patient Characteristics
Frequencies of patient characteristics are presented as numbers and percentages.
Normally distributed continuous variables are presented as means and standard
deviations (SD), and were analysed with an independent sample t-test. Skewed
continuous variables are presented as medians and interquartile ranges (IQR), and
were analysed with a Mann–Whitney U test.
4.3.2. Clustering Analysis
We selected primary serous carcinoma samples classified as grade 3, according to the
classification of Silverberg, and used repeated k-means clustering analyses based on
pathway activity scores.21 Survival curves were visualized in Kaplan–Meier curves, and
a log-rank test was used to test for differences in survival between the newly formed
clusters. After the provision of additional follow-up data by the AOCS, the survival
analyses were repeated.
The classification of epithelial ovarian cancer has been subject to many changes over
the years and has lacked a standardized grading system. This is further complicated
by the more recently adopted division of serous carcinomas into either HGSCs or lowgrade serous carcinomas (LGSC), instead of grading serous carcinomas as grade 1, 2,
or 3. Generally, grade 1 serous carcinomas are called LGSCs, while grade 2 and grade 3
serous carcinomas are called HGSCs. However, a proportion of grade 2 samples should
be classified as LGSCs. In our clustering analysis, we have selected grade 3 carcinomas
to lower heterogeneity. To investigate the effect of tumour grade on our results, we
have additionally performed a post-hoc analysis of HGSC samples classified as grade
2 according to the classification of Silverberg.21
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4.3.3. STA Analysis of Molecular Subtypes as Defined by Tothill et al.
Pathway activity per cluster is visualized with boxplots displaying the median and
IQR, with overlaying scatterplots displaying the full range of individual samples. When
comparing pathway activity among the Tothill clusters, we adopted a one-versus-therest approach, in which we compared each cluster to all other clusters combined. A
Mann–Whitney U test was used to test for significance. A p-value of <0.05 was considered
to be statistically significant. All statistical analyses were performed with SPSS (IBM
Corp. Released 2016. IBM SPSS Statistics, version 25.0. IBM Corp., Armonk, NY, USA).
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Results
2.1. Datasets and Patient Characteristics
We searched the Gene Expression Omnibus (GEO) via https://www.ncbi.nlm.nih.gov/
geo/ for datasets containing Affymetrix data of HGSC with clinical annotations.16 Our
search resulted in two eligible datasets, GSE9891 and GSE32062, which were then
subject to quality control. Activity scores for the AR, ER, PI3K, HH, NF-κB, Notch, TGF-β,
and Wnt pathways were provided on a scale from 0 to 100.
2.1.1. GSE9891
GSE9891 was used in a publication of Tothill et al. (data accessible at NCBI GEO
database, accession GSE9891).17 The publication provides a detailed description of the
sample processing, gene expression profiling, and molecular subtyping based on gene
expression profiling.17 In addition to the clinical annotations, we were able to obtain
additional survival data as was known in October 2019 from the AOCS, who provided
the samples for this dataset.
The dataset contained 285 tumour samples in total. Twenty-one samples were excluded
from our analysis, as 18 samples were collected after the start of neo-adjuvant
chemotherapy, and for three samples the timing of sampling was unknown. The 264
samples collected prior to start of chemotherapy were suitable for analysis. A majority
of the samples were serous carcinomas (n=227), but the dataset also included samples
of women diagnosed with endometrioid carcinoma (n=18), serous borderline tumours
(n=18), and an adenocarcinoma not otherwise specified (NOS; n=1). All patients were
treated with debulking surgery. A total of 227 received subsequent chemotherapeutic
treatment. Thirty-seven patients received no additional chemotherapeutic treatment,
most of which were patients diagnosed with a borderline tumour (n=18).
For three samples, there was evidence of cellular oxidative stress. All three samples
were of serous carcinomas: one was grade 1, one grade 2, and one grade 3. The three
individual samples are clearly marked in the results section.
In their paper, Tothill et al. describe six distinct molecular clusters within their dataset;
the allocated cluster number was included in the dataset.17 Figure 1 shows a flow
diagram of included samples and the ways they can be grouped, according to classic
histopathology or according to the clusters as formed by Tothill et al.17 An overview
of patient and tumour characteristics of the included samples is provided in Table 1.
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Figure 1. Overview of sample selection for GSE9891. Included samples are classified according to pathology diagnosis, or according to the clusters as formed
by Tothill et al. a Not otherwise specified. b Not classified.
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Table 1. Patient and tumour characteristics of primary tumour samples in dataset GSE9891.
Feature

Total

Tothill clusters
1

2

Number of samples

264

75 (28%)

43 (16%)

Age at diagnosis (in years)

60 (±11)

59 (±11)

62 (±10)

I

24 (9%)

1 (1%)

5 (12%)

II

18 (7%)

1 (1%)

4 (9%)

III

206 (78%)

65 (87%)

31 (72%)

IV

16 (6%)

8 (11%)

3 (7%)

Serous carcinoma

227 (86%)

74 (99%)

40 (93%)

Endometrioid carcinoma

18 (7%)

1 (1%)

2 (5%)

Serous borderline tumor

18 (7%)

Adenocarcinoma NOSb

1 (0%)

Stage at diagnosis

Histology

1 (2%)

Differentiation degree
1

17 (7%)

1 (1%)

2 (5%)

2

88 (33%)

25 (34%)

13 (30%)

3

156 (59%)

48 (64%)

28 (65%)

Unknown

3 (1%)

1 (1%)

Deceased

103 (39%)

44 (59%)

Deceased, other cause

2 (1%)

1 (1%)

Progressed

70 (26%)

19 (25%)

17 (39%)

Progression-free

89 (34%)

11 (15%)

12 (28%)

Status
14 (33%)

All data are presented as mean and standard deviation or as frequency and percentage.
classified. b Not otherwise specified.
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3

4

5

6

N.C.a

28 (12%)

45 (17%)

35 (13%)

8 (3%)

30 (11%)

52 (±12)

60 (±9)

63 (±10)

54 (±6)

61 (±11)

10 (36%)

1 (2%)

2 (6%)

5 (62%)

4 (14%)

5 (11%)

2 (6%)

1 (13%)

1 (3%)

13 (46%)

39 (87%)

30 (85%)

2 (25%)

26 (87%)

1 (4%)
10 (36%)

1 (3%)

3 (10%)

40 (89%)

34 (97%)

1 (12%)

28 (93%)

5 (11%)

1 (3%)

7 (88%)

2 (7%)

18 (64%)

11 (39%)

3 (38%)

4 (15%)

19 (42%)

14 (40%)

4 (50%)

9 (30%)

11 (39%)

26 (58%)

21 (60%)

1 (12%)

21 (70%)

16 (36%)

15 (43%)

13 (43%)
8 (27%)

2 (7%)
1 (4%)

8

1 (2%)
3 (11%)

14 (31%)

9 (26%)

24 (85%)

14 (31%)

11 (31%)

8 (100%)

9 (30%)
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2.1.2. GSE32062
GSE32062 was used in a publication of Yoshihara et al. (data accessible at NCBI GEO
database, accession GSE32062). A detailed description of the sample processing
and gene expression profiling can be found in the paper Yoshihara et al.18 The
original dataset for this study contained 260 samples. However, due to the platform
used for gene expression profiling, a subgroup of ten samples was suitable for STA
analysis. All samples were of women diagnosed with HGSC. Age at time of diagnosis
was unknown. Four women were diagnosed with FIGO stage IV and six with FIGO
stage IIIC.19 All women had debulking surgery and were treated with chemotherapy.
Seven women had a recurrence and died, two women had a recurrence but were
alive at the end of follow-up, and one woman remained free of disease for the
duration of follow-up.
2.2. Clustering of HGSC Samples
2.2.1. GSE9891
Preliminary data of a pilot study of van de Wiel et al. suggested that a combination
of low PI3K and high NF-κB pathway activity might be associated with prolonged
survival in women with HGSC.20 Therefore, we selected primary serous tumour
samples that were classified as grade 3 for clustering analyses (n=140). Allocation to
one of two clusters was based on PI3K (median 55, range 27–72) and NF-κB (median
52, range 17–83) pathway activity scores. Repeated k-means clustering resulted in
two stable clusters: cluster A (n=68) with a higher PI3K (median 57, range 45–72)
and lower NF-κB pathway activity (median 41, range 17–52) compared to cluster
B (n=72) with lower PI3K (median 52, range 27–68) and higher NF-κB pathway
activity (median 62, range 51–83). The initial survival analysis with publicly available
survival data revealed a poorer prognosis for cluster A for both PFS (p=0.012,
Figure 2a). A repeat survival analysis with additional follow-up data provided by
the AOCS resulted in the difference in PFS (p=0.004) and OS (p=0.001), as shown
in Figure 2b.
In only one of the primary HGSC samples included in the clustering analysis, the
combination of high FOXO activity with high SOD2 mRNA expression was found,
suggestive of cellular oxidative stress. As this influences interpretation with respect
to associated PI3K pathway activity, we performed a post-hoc sensitivity analysis
after exclusion of this sample (n=139). Removal of the sample did not affect the
difference in DFS (p=0.006) or OS (p=0.001) between the clusters.
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A post-hoc clustering analysis was performed on primary serous carcinoma samples
classified as grade 2 (n=80) according to the classification of Silverberg. 21 Repeated
k-means clustering resulted in two stable clusters: cluster C with high PI3K and
low NF-κB pathway activity (n=40) and cluster D with low PI3K and high NF-κB
pathway activity (n=40). There was no difference in PFS (p=0.167) or OS (p=0.077)
between the clusters. Kaplan–Meier curves of the PFS and OS are provided in the
Supplemental Materials (Supplementary figure 1).

8
a.

b.

Figure 2a. Progression-free and overall survival of the newly formed high-grade serous carcinoma
(HGSC) clusters in dataset GSE98191 (n=140) using the original follow-up data. b. Progression-free
and overall survival with additional follow-up data provided by the Australian Ovarian Cancer Study
(AOCS).

2.2.2. GSE32062
To test cluster formation based on a combination of PI3K and NF-κB pathway activity,
we subsequently analysed the ten available HGSC samples of GSE32062. Repeated
k-means clustering resulted in two stable clusters, containing five samples each. Cluster
I had high PI3K and low NF-κB pathway activity, and cluster II had low PI3K and high
NF-κB pathway activity. Survival curves of PFS (p=0.144) and OS (p=0.435) are plotted
in Figure 3.
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Figure 3. Progression-free and overall survival of the newly formed clusters in dataset GSE32062 (n=10).

2.3. STA-Analysis of Molecular Subtypes as Defined by Tothill et al.
In their study, Tothill et al. identified six molecular subtypes of ovarian cancer based
on expression profiling results of ovarian cancer samples of several histological
subtypes.17 In their analyses, the clusters were formed with k-means clustering and
class prediction, based on Affymetrix microarray gene expression profiling, and were
subsequently analysed with gene function classification analyses to characterize the
expression patterns of the newly formed clusters. As STA analysis is a novel approach,
we decided to perform STA analysis on the Tothill clusters. Tothill et al. used the entire
GSE9891 database for clustering, including borderline tumours and endometrioid
carcinomas of the ovary. Thirty samples could not be allocated to a cluster, and thus
were excluded from further analysis in their paper. To compare STA analysis results to
the previously described molecular cluster characteristics formed by Tothill et al., we
used all primary tumour samples allocated to one of the six clusters (n=234). Boxplots
of pathway activity per cluster for all pathways are provided in Figure 4.
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Figure 4. Boxplots for pathway activity per Tothill cluster, with overlying dot plots representing
individual samples for the a. AR, b. ER, c. PI3K, d. HH, e. NF-kB, f. Notch, g. TGF-β, and h. Wnt pathways.
a
The readout of the marked samples should be interpreted with caution, due to evidence of cellular
oxidative stress (n=3).
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Cluster 1 (n=75) was termed the reactive stroma subtype by Tothill et al. It consisted
almost exclusively of HGSC samples (99%) and was associated with the shortest
PFS and OS. STA analysis showed that cluster 1 had the highest AR (p<0.001;
Figure 4a) and TGF-β (p<0.001; Figure 4g) pathway activity compared to the
other clusters.
Cluster 2 (n=43) was marked by a high immune signature, and was composed
mostly of HGSC samples, albeit at a lower percentage (93%) than cluster 1. When
comparing STA results, cluster 2 was characterized by elevated NF-κB activity
(p<0.001; Figure 4e).
Cluster 3 (n=28) was a low proliferative cluster that contained all borderline
tumours, as well as ten serous carcinomas, three of which were low-grade serous
carcinomas (LGSC; e.g. differentiation degree 1); in addition, four samples were
grade 2, two samples were grade 3, and for one sample differentiation degree was
unknown. Samples of this cluster were associated with a longer PFS and OS. In
STA analysis, relatively high ER (p<0.001; Figure 4b) and Wnt (p<0.001; Figure 4h)
pathway activity was seen in this cluster compared to the others. As cluster 3 is a
combination of two radically different tumour types (i.e. borderline tumours and
serous carcinomas), we examined STA-analysis results per tumour type. There
were no differences in ER (p=0.268) and Wnt (p=0.654; Supplementary figure 2)
pathway activation between the borderline tumours and serous carcinomas within
the cluster.
Cluster 4 (n=45) was characterized by a low stromal response, and samples were
predominantly grade 2 or grade 3 serous carcinomas (89%). In STA analysis,
this was the cluster associated with the lowest TGF-β pathway activity (p<0.001;
Figure 4g).
Cluster 5 (n=35) was named the mesenchymal subtype and consisted predominantly
of serous carcinomas of intermediate (40%) or high tumour grade (60%).
Compared to other clusters, it had a lower AR (p<0.001; Figure 4a) and ER (p<0.001;
Figure 4b) pathway activity, while HH pathway activity (p<0.001; Figure 4d) was
elevated. Furthermore, PI3K pathway activity was high compared to the other
clusters (p<0.001; Figure 4c). Even though Tothill et al. suggested possible Wnt
pathway involvement, STA analysis showed no increase in Wnt pathway activity
(p=0.123; Figure 4h).
Cluster 6 (n=8) contained mostly endometrioid carcinomas (88%) with low to
intermediate differentiation degree. It was identified as the Wnt active cluster, and
was associated with a longer PFS. Wnt pathway activity was the identifying trait
(p<0.001; Figure 4h).
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Discussion
In this explorative study on signalling pathway activity in HGSC samples, we identified
two subgroups with a difference in PFS and OS. The good-prognosis cluster was
characterized by low PI3K and high NF-κB pathway activity, and the poor-prognosis
cluster by high PI3K and low NF-κB pathway activity. Furthermore, we investigated
signalling pathway activity in previously defined clusters by Tothill et al., in order to
compare identifying traits and translate the cluster-specific gene profiles into clinically
actionable signalling pathway activities.17
3.1. PI3K and NF-κB Pathway Activity in HGSCs
In the newly-formed HGSC clusters, we found a more favourable prognosis in patients
with lower PI3K and higher NF-κB pathway activity. Our finding of high PI3K pathway
activity in the poor prognosis cluster is in line with PI3K pathway activation in a multitude
of cancers, and the identification of its role as a “poor prognosis pathway” in cancers
like non-small-cell lung cancer, colorectal cancer, and gastric cancer.22 In ovarian cancer,
increased PI3K activation, as measured by mammalian target of rapamycin (mTOR)
phosphorylation levels, is seen in all stages of clear-cell carcinoma, and is considered to
be an early event. In contrast, in serous carcinomas, increased mTOR phosphorylation
levels were more commonly found in advanced stages of disease.23 Given the role of
PI3K in cell migration and invasion, pathway activation in serous carcinomas may have
a more prominent role in tumour progression.24 Additionally, PI3K pathway activation
has been shown to be a prognostic marker for decreased survival.25,26
For the association between high NF-κB pathway activity and improved survival, we
suggest two possible underlying mechanisms. The first mechanism would be a difference
in the balance between cell division (PI3K pathway activation) and apoptosis (NF-κB
pathway activation). This would, however, be in contrast to previous studies on NF-κB
in ovarian cancer, as it is often linked to a poorer survival.27 However, NF-κB pathway
activation in these studies is often based on the presence of pathway proteins, which
may not be representative for actual pathway activity.7 This is reflected in contradictory
correlations between the different NF-κB pathway proteins and survival.28 Furthermore,
in low-grade serous ovarian carcinoma, NF-κB signalling seems to induce apoptosis.29 If
the increased survival of the NF-κB active cluster would be due to increased apoptosis,
it is to be expected that the measured NF-κB pathway activity derives from cancer
cells.30 The second mechanism for the association between the increased NF-κB
activity and improved survival could be result from a difference in immune response,
as immune cells may have infiltrated the ovarian cancer tissue used to extract RNA for
gene expression profiling. If this was the case, the elevated NF-κB activity would mainly
result from immune infiltrate instead of actual cancer cells. NF-κB pathway activity
197

8

Chapter 8

could indicate a more effective immune response, which is associated with improved
survival, as the presence of CD3+ tumour-infiltrating T cells has been associated with
improved clinical outcome in women with advanced-stage epithelial ovarian cancer.31
In the accompanying paper for GSE9891, Tothill et al. used immunohistochemistry to
investigate intratumoural CD3+ cell infiltrate in tissue microarrays, revealing that the
highest number of intratumoural CD3+ cells were within the samples of Tothill cluster
2.17 Nearly half of the samples in our high-NF-κB pathway activity cluster were classified
as Tothill cluster 2, lending support to the immune hypothesis. This suggests that the
measured NF-κB pathway activity is derived from immune infiltrate, which also explains
why, in the paper of Tothill et al., cluster 2 had a relatively good prognosis. To determine
whether NF-κB pathway activity is derived from cancer cells or immune infiltrate would
require laser capture microdissection of cancer tissue samples, with separate pathway
activity analysis for cancer cells and immune cells.
Clustering of the GSE32062 dataset also resulted in a cluster with low-PI3K and highNF-κB pathway activity, with a more favourable prognosis, and a cluster with high-PI3K
and low-NF-κB pathway activity with a less favourable prognosis, similar to the findings
in the GSE9891 dataset. Although survival outcomes of the clusters in GSE32062 are
very similar to the clusters in GSE9891, results did not reach statistical significance
for this dataset, possibly as a result of the limited sample size (n=10). As we had no
information on tumour-infiltrating T cells, we were unable to substantiate any of our
proposed underlying mechanisms.
In GSE9891, all samples were graded according to the classification system of
Silverberg.17,21 Although this classification system acknowledges three differentiation
degrees for serous carcinomas, serous carcinomas are increasingly considered a dual
entity, each with a different aetiology and different response to treatment: ovarian
cancer type I (LGSC and similar cancer types) and type II (HGSC and similar cancer
types).32 In this division, grade 1 serous carcinomas are classified as LGSC, while grade
2 and grade 3 samples are classified as HGSC. In our analyses, clustering based on PI3K
and NF-κB pathway activity only resulted in two clusters with a difference in PFS and OS
if the inclusion was limited to grade 3 serous carcinomas. This is in line with the finding
that some serous carcinomas classified as grade 2 more closely resemble LGSC, while
they would be classified as HGSC based on tumour grade.33
3.2. Comparing Molecular Subtypes as Formed by Tothill et al. to STA Analysis Results
We visualized pathway activity per cluster, demonstrating that our findings from STA
analysis are in line with results as described by Tothill et al.17 For cluster 1, which had
the lowest PFS and OS, Tothill et al. attributed the clustering primarily to stromal gene
expression. They performed a more in-depth analysis of the samples allocated to cluster
1, which revealed a high level of moderate to extensive desmoplasia. This finding was
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reflected by elevated TGF-β pathway activity in STA-analysis, as the TGF-β pathway activates
stromal tissue fibroblasts.34–36 Cluster 2 was identified as a cluster with an elevated immune
signature, corresponding to the NF-κB pathway activity in STA-analysis.30,37 For cluster
3, the elevated ER pathway activity possibly reflects the larger proportion of low-grade
tumours in this cluster (39%), as ER pathway activity is lost in higher tumour grades.38
Additionally, Wnt pathway activity was relatively high compared to the other clusters, with
exception of cluster 6. The combination of elevated ER and Wnt pathway activity was also
seen in cluster 6, the second good-prognosis cluster. Although the Wnt pathway can act
as a tumour-driving pathway, hyperactivation may promote apoptosis in cancer cells.39 A
study by Hoffmann et al. shows that an environment with low Wnt signalling is required
for the development of HGSC organoids.40 Thus, although Wnt has been described as
tumour-driving, hyperactivation may result in a more favourable outcome for patients.
Cluster 4 was associated with low stromal response by Tothill et al., which was consistent
with our finding of low TGF-β pathway activity.34 Cluster 5 was identified as a novel HGSC
subtype with a mesenchymal expression pattern and an unfavourable prognosis in the
paper by Tothill et al. The high HH and PI3K pathway activity in this cluster support cancer
stem cell-like characteristics of tumours in this cluster.41–43 In breast cancer, PI3K signalling
is known to promote multipotency in cancer cells.44,45 In addition, dedifferentiation of the
cells is reflected by the low AR and ER pathway activity.46–49 Although PANTHER pathway
analysis, which is a comprehensive platform for gene function classification, suggests
involvement of the Wnt pathway, we did not observe elevated Wnt pathway activity in
STA-analysis.50 One of the crucial differences between PANTHER and STA-analysis is that
PANTHER is not designed to measure pathway activity in a single dataset, but rather to
identify the differences between two or more groups of samples.10 Furthermore, the result
of PANTHER analysis is based on overrepresentation of a set of differentially expressed
genes in a pathway list, while differences between mRNA, protein, and activated protein
levels are not taken into account.10 Thus, while these genes may be related to a specific
signalling pathway, they do not necessarily reflect the functional activity of this pathway.
Cluster 6 was defined as a Wnt pathway-active cluster in the paper of Tothill et al., based
on intense nuclear beta-catenin staining in these tumours and by PANTHER pathway
analysis. As shown in Figure 4, STA-analysis confirmed this high-Wnt pathway activity in
cluster 6 when compared to the others. Furthermore, ER pathway activity was elevated
in a pattern similar to that of cluster 3.
3.3. Strengths and Limitations
In this study, we apply a new technique, STA analysis, on well-documented datasets
with clinical annotations. The accompanying paper for GSE9891 by Tothill et al. provides
ample additional information, such as the results of the reviewing of morphology
and immunohistochemistry staining and results of tissue microarrays to count T
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cell infiltrate, allowing for a more in-depth interpretation of the STA analysis results.
Furthermore, the additional follow-up data provided by the AOCS further confirmed the
validity of the clusters with respect to survival. All included samples were taken prior to
start of chemotherapy. As chemotherapeutic treatment affects STP activity, the results
of our analyses may have been very different in samples taken after chemotherapy.51,52
As we made use of publicly available databases, we were unable to revise pathology
diagnoses. In the supplemental results of the paper for dataset GSE9891, Tothill et al.
describe the pathology review of included samples. This was possible for 202 samples,
while for 74 samples, pathology diagnosis including regrading of samples, which
according to the classification of Silverberg had to be done based on the pathology
reports, it would have been preferable if all included samples had been reviewed by
the same team of pathologists.17,21 Prior to STA analysis, all samples were subject to an
additional quality control. As all samples passed the control, they could all be included.
However, for some comparisons, the number of included samples was small, urging
for a more cautious interpretation of results. The main strength of STA analysis is
the translation of gene expression profiling results into pathway activity scores that
in principle are clinically actionable, meaning they can be targeted with drugs. For
example, our newly formed poor-prognosis cluster with an active PI3K pathway could
possibly be treated with PI3K pathway inhibitors.
3.4. Future Studies
STA analysis is currently being investigated in a multitude of other carcinomas and
healthy tissues. We are working on the assembly of our own HGSC dataset, which
allows us to define patient populations and collect even more data on treatment and
recurrences. To establish a baseline of pathway activity in both the tissue of origin
and the precursor lesion of HGSC, members of our group are working on STA analysis
in healthy Fallopian tube tissue and serous tubal intraepithelial carcinoma (STIC)
lesions.53,54 In addition, they are working towards the first use of STA analysis in a clinical
setting, to determine aberrant pathway activity in HGSC patients with recurrent disease
(NCT03458221). Eventually, we aim to identify aberrant pathways in the developing
stages of HGSC, which in turn may be key in the development of targeted therapies,
for the main value of STA analysis is the translation of cluster signatures from nontreatable gene patterns to clinically actionable pathways.
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Conclusion
In this explorative study, we examined signalling pathway activity in ovarian cancer and
identified two clusters based on NF-κB and PI3K activity, with a difference in PFS and
OS in grade 3 HGSCs. The low-PI3K and high-NF-κB pathway activity of the favourable
prognosis cluster may indicate a more active immune response, while the high-PI3K
and low-NF-κB pathway activity of the unfavourable prognosis cluster may indicate high
cell division. Elucidating underlying mechanisms of HGSC aides our understanding of
the disease and provides possible new leads for targeted therapies.
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Abstract
Objective: High-grade serous carcinoma (HGSC), the most common subtype of
ovarian cancer, has a high mortality rate. Although there are some factors associated
with survival, such as stage of disease, there are remarkable differences in survival
among women diagnosed with advanced stage disease. In this study, we investigate
possible relations between survival and signal transduction pathway (STP) activity.
Methods: We assessed the functional activity of the androgen receptor (AR), Estrogen
receptor (ER), phosphoinositide-3-kinase (PI3K), Hedgehog (HH), transforming growth
factor beta (TGF-β) and canonical wingless-type MMTV integration site (Wnt) pathway
in 85 primary tumour samples of patients with FIGO stage IIIC to IVB HGSC and
disease-free survival (DFS) below 12 (n=52) or over 24 months (n=33).
Results: There were no significant differences in median pathway activity between
patients with a short and long DFS. In univariate Cox proportional hazards
analysis, ER pathway activity was related to a favourable DFS and overall survival
(OS) in postmenopausal women (p=0.033 and p=0.041, respectively), but not in
premenopausal women. We divided the postmenopausal group into subgroups based
on ER pathway activity quartiles. Survival analysis revealed that postmenopausal
women in the lowest ER quartile had a shorter DFS and OS (log-rank p=0.006 and
p<0.001, respectively). Furthermore, we were able to form subgroups of patients
based on an inverse relation between ER and PI3K pathway activity.
Conclusion: In conclusion, in postmenopausal patients with advanced stage HGSC,
a poorer survival outcome was associated with low functional ER pathway activity.
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Introduction
Ovarian cancer is the most lethal gynaecological malignancy and the fifth leading
cause of cancer related death in women.1 High-grade serous carcinoma (HGSC) is the
most common histotype of ovarian cancer and is often detected at an advanced stage
of disease (i.e. FIGO stage IIIC-IVB).2,3 At this point, the overall five-year survival rate is
less than 40%, even after successful first-line treatment with debulking surgery and
chemotherapy.2 Despite the generally poor prognosis, the range in both disease-free
(DFS) and overall survival (OS) in patients diagnosed with advanced stage HGSC is
remarkable, with some patients remaining disease-free for over a decade.4
Several clinicopathological factors associated with improved survival have been
established like stage of disease, CA125 concentration at diagnosis and after treatment,
the possibility of primary debulking surgery and residual disease after surgery.
Furthermore, immune factors such as tumour infiltrating lymphocytes have been
identified as prognostic factors.5,6 However, even in patients with poor prognostic
factors, long-term survival is not uncommon.7 Furthermore, in long-term survivors with
recurrent disease, both short and long DFS times are seen; some patients recur swiftly
but respond well to therapy while others have a long DFS with a short survival time
after recurrence.5 Despite well-established prognostic factors, a proportion of tumours
intrinsically behaves more or less aggressively. Unfortunately, the assessment of tumour
specific characteristics associated with survival in ovarian carcinoma is complicated by
a large heterogeneity in genomic mutations. For many cancer types, a single identifying
trait is found in a substantial number of patients, such as HER2 amplification which
is present in 20 to 25% of breast cancer patients.8,9 However, research aimed at the
analysis of gene expression profiles and patterns to reveal a relation to survival, could
not confirm this for ovarian carcinoma.7 In addition, a focus on specific gene alterations
in the genotype of cancer cells disregards the functional phenotype of cancer cells,
while it is becoming increasingly clear that the functional phenotype is influenced by
other factors, such as the tumour microenvironment.
In 2010, Verhaegh et al. developed a technique to quantitatively measure functional
signal transduction pathway (STP) activity, and therefore the functional phenotype, of
cancer cells. With this assay, mRNA levels of target genes of major oncogenic STPs are
used as input for knowledge-based Bayesian network models.10–13 In previous studies
in breast and colon cancer, the accuracy of this assay in determining aberrant STP
activity has been validated. For breast and endometrial cancer, ER pathway activity
was related to prognosis and in breast cancer the assay was superior to traditional
immunohistochemical staining in the prediction of response to tamoxifen treatment.10,14,15
In this exploratory study, we use these pathway assays in patients diagnosed with
advanced stage HGSC who achieved complete remission after treatment with debulking
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surgery and (neo-)adjuvant chemotherapy. To investigate disease recurrence and
survival in relation to STP activity, we compare STP activity in patients with a short
and long DFS as well as define interrelations between different pathways with regard
to menopausal status and survival. We aim to explain the differences in survival and
ultimately provide new leads for accurate selection of patients for targeted therapies.
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Materials and methods
2.1. Study design and population
We retrospectively searched the Netherlands Cancer Registration (NCR) database
for patients diagnosed with FIGO stage IIIC and IV HGSC between January 2000 and
December 2016 in three Dutch hospitals (Catharina Hospital Eindhoven, ElisabethTweeSteden Hospital Tilburg and Radboud University Nijmegen Medical Center). Patients
were eligible for inclusion if histology of the primary tumour was taken prior to start
of chemotherapy and available for analysis and if treatment with primary or interval
debulking surgery combined with (neo-)adjuvant chemotherapy with carboplatin and
paclitaxel resulted in complete remission. Complete remission was chosen as inclusion
criterium as we aimed to compare DFS, which requires patients to achieve complete
remission first. Patients were excluded if they objected to further use of pathology
samples or if they were diagnosed with any other malignancy, either prior to or following
HGSC diagnosis, with the exception of basal cell carcinoma as cases where this affects
life expectancy are exceedingly rare. Based on reported median DFS for advanced stage
HGSC of 16 and 19 months, we decided to exclude patients with a DFS between 12 and 24
months from our analysis to form two clearly defined groups.16,17 As such, we hypothesized
to be able to clearly identify possible differences in STP activity between short-term and
long-term disease-free survivors. Patients with a DFS below 12 months were defined as
the ‘short DFS group’ and patients with a DFS above 24 months as the ‘long DFS group’.
2.2. Data collection
The following data were retrieved from the patients’ medical records: parity, menopausal
status at diagnosis, age at diagnosis, CA125 concentrations at the time of diagnosis
and at the end of treatment, number of chemotherapy cycles and response, type of
debulking surgery, debulking outcome, number of recurrences, type of treatment for
the recurrences, vital status at the end of follow-up, DFS and OS. DFS was defined as
time between final day of primary treatment until histological confirmation of recurrent
disease or start of second-line therapy. Patients were censored if they had no recurrence
by the 1th of May 2020, or if they were deceased prior to the end of follow-up without
evidence of a recurrence. For OS, death was recorded as an event while patients were
censored at the end of follow-up (1 May 2020) or on the date of last contact if they
chose to continue follow-up in a different hospital. Debulking outcome was classified
as either ‘complete’ (i.e. no macroscopic disease), ‘optimal’ (i.e. macroscopic residue < 1
cm) or ‘incomplete’ (i.e. macroscopic disease > 1 cm).18 Data on menopausal status was
lacking for ten patients below the age of 55. For these patients, endometrial sections
were reviewed by an expert gynaecological pathologist (SB) and menopausal status
was determined based on atrophy of the endometrium.
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2.3. Sample preparation, mRNA extraction and RT-qPCR analysis
Original histological sections of HGSC samples were reviewed by one of two expert
gynaecological pathologists (SB and ML-B). Representative sections with sufficient
tumour cells were annotated and HGSC samples containing < 40% tumour cells
were excluded from analysis to minimize stromal contamination. Five-micrometre
formalin-fixed paraffin-embedded (FFPE) sections of primary HGSC samples were
cut with a microtome (RM2255, Leica Biosystems, Germany). Depending on total
annotated tumour area, multiple sections were scraped manually resulting in at least
20 mm2 tumour surfaces. Total mRNA was isolated following the manufacturer’s
protocol (VERSANT® Tissue Preparation Reagents kit, Siemens, Erlangen, Germany)
and mRNA concentrations were measured using the Qubit® RNA HS Assay Kit and
Qubit® Fluorometer (Invitrogen, Thermo Fisher Scientific, Waltham, Massachusetts,
USA). Pathway-specific target gene expression levels were measured by RT-qPCR
using the SuperScriptTM III PlatinumTM One-Step qRT-PCR kit (Invitrogen, Thermo
Fisher Scientific, USA), PCR plates (OncoSignal, Philips MPDx, Eindhoven, The
Netherlands) and a CFX96 Real-Time PCR Detection System (BioRad, Hercules,
California, USA).
2.4. OncoSignal pathway assay
Anonymized RT-qPCR data were provided to Philips Research to determine
functional STP activity using previously described knowledge-based probabilistic
Bayesian computational pathway models.10,12,13 An important and unique advantage
of the commercially available pathway activity assays is that, in principle, they can
be performed on every cell or tissue type. Alternative approaches often require
fresh or fresh frozen tissue samples and may be limited by the requirement of a
large amount of tissue.19 OncoSignal pathway models are developed and validated
using Affymetrix microarray expression data.10 The models infer activity of the
corresponding transcription factor complex from the expressions of pathway-specific
target genes. To facilitate the use of RT-qPRC data obtained from FFPE samples, the
models were adapted based on a selection of the most informative pathway-specific
target genes. STP activity of the following pathways was determined: androgen
receptor (AR), Estrogen receptor (ER), phosphoinositide-3-kinase (PI3K), Hedgehog
(HH), transforming growth factor beta (TGF-β) and the canonical wingless-type MMTV
integration site (Wnt) pathway. The selected target genes included in the original
models have been described in detail previously: the ER and Wnt pathways10; the AR,
HH and TGF-β pathways13 and the PI3K–FOXO pathway.13,20 Activity scores represent the
likelihood of a certain pathway being active, where 0 corresponds to the probability
of an inactive pathway and 100 to the probability of an active pathway, as described
previously.21 For PI3K, the pathway activity is determined based on Forkhead Box
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Protein O (FOXO) transcription factor activity as they are directly inversely related
in the absence of cellular oxidative stress.13 To assess cellular oxidative stress, mRNA
expression levels of superoxide dismutase 2 (SOD2), a FOXO target gene, were used.
There are a few important considerations for the interpretation of the generated
pathway activity scores: 1. the pathway activity score range (minimum-maximum
activity) on the normalized scale is unique for each cell or tissue type. Once the range
has been defined using samples with known pathway activity, the absolute value for
every new sample can be directly interpreted against that reference. If the range has
not been defined, differences in pathway activity scores between samples can be
interpreted; 2. in the same sample the pathway activity scores of different signalling
pathways cannot be compared, since each of the signalling pathways has its own
range of activity scores; and 3. pathway activity scores are highly quantitative, and
even small differences can be reproducible and meaningful. In addition to pathwayspecific target genes, we determined the expression levels of SOD2 and KI-67 as a
marker for cellular oxidative stress and cell proliferation, respectively.
2.5. Statistical analysis
For clinicopathological characteristics, normally distributed continuous variables are
presented as mean values with standard deviation (SD) and compared with a T-test.
Skewed continuous variables are presented as the median with interquartile range (IQR)
and compared with a Mann–Whitney U test or Kruskal–Wallis test. Categorical variables
are presented as frequencies with percentage and compared with a Fisher’s exact
test. STP activity per survival group is presented as boxplots displaying the median
and IQR with overlying dot plots representing individual patient samples. Univariate
Cox proportional hazards regression analysis was used to assess possible correlations
between pathway activity and DFS and OS. Given the differences in hormonal status,
we performed separate analyses for premenopausal and postmenopausal women.
Subgroups were formed based on ER pathway activity, dividing the sample set in
quartiles. Boxplots displaying pathway activity per ER subgroup were generated. DFS
and OS of the newly formed subgroups were visualized in Kaplan–Meier curves and logrank tests were used to test for differences. Subsequently, samples were divided over
three subgroups containing: 1. Samples with ER pathway activity in the lowest quartile
and PI3K pathway activity in the highest quartile, 2. Samples with ER pathway activity
in the highest quartile and PI3K pathway activity in the lowest quartile, and 3. The
remaining samples. Boxplots were created to visualize pathway activity per subgroup.
P-values < 0.050 were considered statistically significant. Basic statistical analyses were
performed using SPSS (IBM SPSS Statistics, version 26) and data visualization was
conducted using Rstudio (Rstudio, Inc. version 1.1.463).
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2.6. Ethical approval
Due to the retrospective nature of the study, the Medical Research Involving Human
Subjects Act (Dutch: Wet Medisch-wetenschappelijk Onderzoek met Mensen) does not
apply, which was confirmed by the Medical research Ethics Committees United (MEC-U,
study number W16.108). Given that a majority of patients had passed away by the time
of inclusion and that our analysis would not yield any outcome of interest to either
the patient or their families, patient approval was waived by local hospital committees
under the condition, that prior to inclusion, medical files were checked for any signs
that a patient would disapprove of the use of residual bodily tissue.
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Results
3.1. Study population
We identified 580 patients with advanced stage HGSC in the NCR database treated
in our region, 157 of which met our eligibility criteria. Thirty-five patients with a DFS
between 12 and 24 months were excluded. For the remaining 122 patients, histological
sections of the primary tumour were retrieved. Review of the histological sections
resulted in the exclusion of 36 women as the samples contained less than 40% tumour
cells. Thus, 86 primary tumour samples were available for analysis of STP activity.
Internal quality control resulted in the exclusion of one more patient due to insufficient
mRNA concentration. STP activity results of 85 patients were included in our analysis,
of which 52 were in the short DFS group and 33 in the long DFS group. There were no
differences between the two groups in age at diagnosis, parity, menopausal status at
diagnosis or FIGO stage. In the long DFS group, we found lower CA125 concentrations
at diagnosis (p=0.003) and after treatment (p=0.027), as well as a higher number of
primary debulking surgeries (p=0.007) and complete debulking outcomes (p=0.033).
Furthermore, the number of recurrences was lower in the long DFS group (p<0.001).
An overview of clinicopathological characteristics per group is presented in Table 1.
3.2. Signal transduction pathway activity in the short and long DFS groups
For 85 samples, we determined activity of the AR, ER, PI3K, HH, TGF-β and Wnt pathways.
For two samples there were high SOD2 levels which provided evidence of cellular
oxidative stress, indicating that the PI3K pathway activity may be underrepresented
and thus should be interpreted with caution. These samples are clearly marked in the
figures. When comparing the short- and long DFS groups, no significant differences
between median STP activity of the abovementioned pathways were found (Figure 1).
In both survival groups, we observed a wide variety in STP activity among individual
samples, mainly for the PI3K, TGF-β and Wnt pathways.
Our cohort included both pre- and postmenopausal women. As menopausal status may
affect the availability of androgens and Estrogen and therefore AR and ER pathway
activity, univariate Cox proportional hazards regression analysis were used to assess
the effect of menopausal status on the relation between pathway activity and survival.
In premenopausal women (n=16), none of the pathways were significantly related to
OS or DFS. In postmenopausal women (n=67), ER pathway activity was associated
with favourable DFS (Hazard Ratio (HR) 0.943, 95% Confidence Interval (95% CI)
0.894–0.995, p=0.033) and OS (HR 0.930, 95% CI 0.868–0.997, p=0.041). Results are
visualized in Figure 2.
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Table 1. Clinicopathological characteristics of the included women diagnosed with advanced stage
high-grade serous ovarian carcinoma. Women were divided into two groups based on short (<12
months) and long (>24 months) disease-free survival (DFS).
Short DFS
n=52

Long DFS
n=33

P-valuea

62 (±12)

61 (±12)

0.856

0

7 (13%)

7 (21%)

1-2

20 (38%)

16 (48%)

≥3

17 (33%)

8 (24%)

Missing

8 (15%)

2 (6%)

Premenopausal

10 (19%)

6 (18%)

Postmenopausal

40 (77%)

27 (82%)

Missing

2 (4%)

0 (0%)

Age at diagnosis (±SD)b
Parity

0.477

Menopausal status

1.000

FIGO stage

0.758

IIIC

43 (83%)

29 (88%)

IV

9 (17%)

4 (12%)

657 (IQRc 258–2125)

244 (IQRc 120–415)

n=2

n=2

13 (IQRc 9–17)

10 (IQRc 6–14)

n=12

n=3

Primary

21 (40%)

24 (73%)

Interval

26 (50%)

9 (27%)

Other

5 (10%)

0

Complete (no macroscopic residue)

30 (58%)

27 (82%)

Optimal (residue <1cm)

9 (17%)

5 (15%)

Incomplete (residue >1cm)

12 (23%)

1 (3%)

Missing

1 (2%)

0

No recurrence

0

16 (49%)

1

40 (76%)

14 (42%)

2

6 (12%)

1 (3%)

≥3

6 (12%)

CA125 concentration at diagnosis
Missing
CA125 concentration after treatment
Missing
Debulking type

d

0.003
0.027
0.007

Debulking outcome

0.033

Number of recurrences

<0.001

2 (6%)

Disease-free survival (in days)

195 (IQR 128–297)

1192 (IQRc 952–2210)

<0.001

Overall survival (in days)

704 (IQR 425–991)

2058 (IQRc 1618–2804)

<0.001

c

c

Differences in continuous variables were tested with a T-test (normal distribution) or Mann–Whitney
U test (skewed distribution). For categorical variables, p-values were obtained from a Fisher’s exact
test. b Standard deviation. c Interquartile range. d Incomplete primary debulking followed by neoadjuvant chemotherapy and afterwards a secondary interval debulking with adjuvant chemotherapy.

a

216

SC

G

H

or

sh
FS

tD
H

sh
or
tD
FS

40
40
40

50

30
30
30
40
40
40

20
20
20
20
20
20
10
10
10
20
30
30
30
30
40
40
40 pathway Wnt pathway
20
pathway
TGFbTGFb
pathway
HH pathway HH
TGFb
pathway
Wnt
HH
pathway
pathway
Wnt pathway
30
60
60
60
60
40
=10
0.730
p = 0.240
p = 0.73060
p = 0.24080
p = 0.70060
p = 0.730
p = 0.240
p = 0.700
10
60
80
60 p = 0.700
60 p10
10 80
20
10
20
20
20
20
10
10
20
20
20
010
00
40
40
40
40
20
0
10

50

0

000

40

HH pathway

30

50
40

H

G
SC
H
HH pathway activity score
G lo
G lo
SC ng
SC ng
D
s
sh DF
H
H
ho FS
HH pathway activity score
or S
G
G
r
SC
SC
tD
tD
S
S
S
Su
SSuu HH
SSuu AR
FS score
Fscore
HH
pathway
activity
score
AR
pathway
activity
shactivity
sh
pathway
pathway
activity
score
S
HH
pathway
activity
score
AR
pathway
activity
score
SSuuub HG
S
S
HH
pathway
activity
score
AR
pathway
activity
score
H
H
H
score
activity
score
HH pathway
HHactivity
pathway
score
activity score
AR pathway
AR
activity
pathway
score
activity
score
HHactivity
activity
score uubbGg
AR
pathway
activity
ubbbGggS HH pathway
G ub
bbgg AR pathway
opathway
or score
S
S
bbgggr SC
b
H
H
r
g
r
r
r
t
t
C
C
C
g
g
g
ro
r
G
G
D
D
S sh roou
SC
SC
S rroou sh S rosuh
SSu rrooosuuhop
FS
FS
SSuuub ouuppp 1 ortSSuuub ouuoppprt 1
Suub upprt 1 SSuuubortouuppp 1
b
l
l
D b
D
D
D
1
1
H
H
bbgg
b
g
g
o
o
g
1
1
HG
TGFb pathway
bggr 1activity
bggrroscore
FSbgr
FS
FS 1
n
n
GS
gr 1
gr 1 FS HGGS
SCC g D
SCC g D
SSuHG rooouup
SSu rroooHuuGp
SSuHG rrooouup HGSSu roouup
Suub uppSC2 Suub SC upp 2
Suub SC upp 2 SSCuub upp 2
FS
FS
slho
slho
bbl gg
22
bbgg lo 22
bbgggr 22lo bbgggrrolo 22
onrg
onrg
og
r
r
g
r
o
n
n
n
n
o
o
rroou g
tD
tD
gro
g
rroouu
rou g
oDuuuF pp
uupp DF
uppp 3 DFS ouuppp 3DFS
FS
FS
S
S
3
p
p
3
33
33
33
33
H
H
G
G
SC
SC
H
H
TGFb
pathway
activity
score
lo
lo activity
Su TGFb pathway
S
GTGFb
G
SSu
S
S
S
pathway
activity
score
ER
pathway
activity
score
ER pathway
activity
score
S
SCpathway
SC score
TGFb
activity
score
ER
pathway
activity
score
ng score
nactivity
H Su
Suub HG
SuuHbbG TGFb
TGFb pathway
pathway
activity
score
activity
score
TGFb
TGFb
activity
pathway
score
activity score
ER pathway
ER
activity
pathway
score
activity
bbg ER
G u
score
ER pathway
pathway
activity
score
TGFb
pathway
activity
scoreSuuuHbbGgS
ER
pathway
activity
score
gpathway
u
bbgg SC
g
S
S
b
b
b
g
g
D
D
s
s
C
C
C
g
r
r
r
r
grroo sh
g
H
H
grroosuh
g
r
h
h
o
F
F
o
r
s
s
TGFb pathway
or S
or S
u
G
G
S
S h roscore
u
S
SSu roouuhopr activity
SC
SC
tD
tD
SSuuub ouuppp 1 ortSSDuuub ouuoppprt 1D
Suub uppt 1D SSuuubortoDuuppp 1
b
b
1
1
bbgg
11 FS bggr FS 1
FSbg
FS
F
bbgggr 11
ggrro 1 FS
sh
sh
r
g
g
r
o
ou H S rou
or
or S
H rro
SSuHG roouup
SSu rroooHuuGp
S
o
o
u
G
G
H
H
S
u
SSuu S upp
tD
tD
upp
Su
Suub uppSC2 Suub SC upp 2
G
G
ubbbg C lop 22 SCuubbblogg p 22
SC
SC
FS
FS
bbgggr 22lon bbgggrrolon 22
2
2
g
r
r
n
n
grroo g
ggrroou
g
lo
lo
rrooouu
roouupg D
HH
H
u
D
D
D
o
H
o
u
Wnt
pathway
activity
score
uupp FS
ng
ng
GG
GG
FS
uppp 3
upp 3 FS
uFSppp 3
SSC
SSC
p 33
33
33
D
D
C
Cs
33
3
FS
FS
slho
lho
onrg
onrg
tD
tD
SSuH Wnt pathway
Su PI3K pathway
S
SSuH
F score
Wnt
pathway
activity
score
PI3K
pathway
activity
Factivity
activity
score
activity
score
H S
Wnt
pathway
activity
score
PI3K
pathway
activity
Wnt
pathway
Wnt
pathway
score
activity
score
PI3K
pathway
PI3K
activity
pathway
score
activity
score
SSuuub HG
S
SuubbG Wnt
S
u
Wnt
pathway
activity
score
PI3K
pathway
activity
score
S
G
G
pathway
score
score
Wntactivity
pathway
activity score uubbgS
PI3Kactivity
pathway
activitySscore
score
bbgg PI3K pathway
SCub
bbgggr SC s
bggCr s
bgggSCrros
H
H
shgrro
G
G
o
o
r
r
o
o
h
h
h
r
r
r
r
o
o
u
u
SSu or oup
u oS
S
SSu ouuopr
o
S
S
SSuuub ouuppp 1 rtSSDuuub ouuppprt 1D
Suub upptactivity
H C
H C
D Su
Dup
bbg tscore
Wnt pathway
p 11
1
u
G
G
l
l
1
FSb
F
F
F
bbgg
b
g
o
g
1
1
bgr 1 S bggrro S 1
bggrr 1 S
SC n
SC on
gr 1
H grro
HS
g
g
o
r
o
u
SSuHGSrooouup
u
G
G
SSu rroooHuuGpS
S
o
o
u
SSSuu
sh DF
sh DF
pp
SSuu SC uuppactivity
u
Suub upp C2 Suub C upp 2
H
H
C
b
Wnt
pathway
score
b
or S
or S
ubbg lop 22 ubblogg p 22
G
G
bbgggr 22long bbgggrrolong22
SC
SC
ggrro ng2
tD
tD
gngrrrooDu 2
oouu D
rrooouu
r
r
o
D
D
u
o
F
o
u
s
s
F
F
F
F
u
p
p
p
p
S
upp 3
upp 3 S
upp 3 S
uSpp 3
S
ho
ho FS
33
3
33
3
H
H
r
rt
3
3
tD
G
G
D
SC
SC
FS
FS
l
l
on
on
H
H
G
G
SC g D
SC g D
FS
FS
lo
lo
ng
ng
D
D
FS
FS
Group

AR pathw

20

10
10

50

40

20

10

a.

40
50

10
10
10
10

60
60
60
60

60
50

20
50
50
0.400
0.400
30 50
60
60
60 ppp===0.400

40
40
40
50
50
50

30
30
30
40
40
40

40
30

Group

ER pathw

ER pathw

AR pathw

20

AR
AR
ARpathway
pathway
pathway
ppp===
0.009
0.009
0.009
AR
pathway
p =00.470
AR
pathway
AR
pathway
AR
AR
pathway
pathway

p=0.009
=0.009
0.470
0.009
ppp==

60

HH
pathway
HH
HH
pathway
pathway
pathway
d. HH
40

=
0.730
ppp==p=0.400
0.400
0.400

p =pathway
0.730
HH
HH
pathway
HH
pathway

10

ER pathw

20

30
40

HGSC short DFS

050

b.

40
20
20
20
50

60

e.
40

80
80
80
80

60 20
20
60
60
60
0.041
0.041
80
80
80 ppp===0.041

80

40

10

0
p = 0.830

ER
pathway
ER
pathway
ER
ER
pathway
pathway

30
40

60

40

TGFbpathway
pathway
TGFb
TGFb
TGFb
pathway
pathway f.
40
p=
=0.041
0.240
ppp==
0.041
0.041

20
TGFb pathway

p = 0.240
TGFb
TGFb
pathway
pathway
TGFb
pathway

40
40
40
40
60
60
60

60

0

20
20
20
40
40
40

20

30

HGSC long DFS

SOD_group

40

ER
ER
ERpathway
pathway
pathway
ER pathway

20

80
80
80

p = 0.830

20
20
20

20

60
60
60
60

60

40

Normal SOD

PI3K path

PI3K path

PI3K path

20

40

0

40

PI3K
PI3K
PI3K
pathway
pathway
pathway
ER
pathway
activity in HGSC
PI3K pathway

20
p
= 0.51020

PI3Kpathway
pathway
PI3K
pathway
PI3K
pathway
c.80 PI3K

p = 0.510

60
60
60
80
80
80
80
60

40

Wntpathway
pathway
Wnt
Wnt
Wnt
pathway
pathway

=0.063
0.700
ppp=p==
0.063
0.063

20
20
Wnt pathway

p = 0.700
Wnt
Wnt
pathway
pathway
Wnt
pathway

ppp===0.063
0.063
0.063
40
60
60
60
40
40
40

0

40
20

20
40
40
40
20
20
20

20

0
20
20
020
00

9

HGSClong
short
DFS
HGSC long
DFS
SOD SODHigh SOD
Group
SOD_group
HGSC
short DFS
HGSC
longNormal
DFS
High SOD
HGSC short
DFS Group
HGSC
DFS
SOD2
HighNormal
SOD2 Normal
SOD_group
SOD_group
30
30
30
0

20
20
20

Figure 1. Signal transduction pathway activity measured in high-grade
000serous ovarian carcinoma
(HGSC) samples in the short and long disease-free survival (DFS) groups, for the a. AR, b. ER, c. PI3K,
HGSC short DFS
HGSC long DFS
Normal SOD
High SOD
Group
SOD_group
d. HH, e. TGF-β, and f. Wnt pathway. P-values were obtained from a Mann–Whitney U test. The samples
with high SOD2 levels are marked in yellow. “HGSC short DFS” refers to a DFS below 12 months and
“HGSC long DFS” refers to a DFS over 24 months.
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Figure 2. Forest plots of univariate Cox proportional hazards regression analysis of all pathways
and survival. Hazard ratios (HR) with 95% confidence intervals are described for disease-free
survival (DFS) in a. premenopausal and b. postmenopausal women, and overall survival (OS) in c.
premenopausal and d. postmenopausal women.

To investigate the relation between survival and ER pathway activity in postmenopausal
women, this subgroup was divided into quartiles based on ER pathway activity. Samples
in quartile 1 had an ER pathway activity score ranging from 0.12 to 4.80 (median 1.33),
for quartile 2 ER scores ranged from 5.88 to 9.87 (median 9.23), for quartile 3 from
9.90 to 12.14 (median 11.46) and for quartile 4 from 12.23 to 27.94 (median 14.80).
Survival analysis revealed a difference in both DFS and OS among the quartiles (logrank p=0.006 and p<0.001, respectively) with the shortest DFS and OS for patients
with ER pathway activity in the lowest quartile. Kaplan–Meier curves of DFS and OS
per quartile are shown in Figure 3. There were no significant differences in baseline
characteristics among the quartile groups that may influence the difference in survival
such as CA125 concentration at diagnosis, debulking outcome or CA125 concentration
after complete treatment. An overview of clinicopathological characteristics of the ER
218
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subgroups is provided in Supplementary table 1. We hypothesized that the association
between ER pathway activity and survival might have been influenced by the activity of
other pathways. Figure 4 provides an overview of pathway activity per ER subgroup.
Comparing median STP activity of the remaining pathways did not reveal significant
differences. However, the subgroup with the lowest ER pathway activity scores was
characterized by higher PI3K pathway activity when compared to the other subgroups.
Inversely, the subgroup containing samples with the highest ER pathway activity scores
was characterized by lower PI3K pathway activity.
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Figure 3. Kaplan–Meier survival analysis with log-rank tests and number at risk tables of subgroups
based on quartiles of ER pathway activity in postmenopausal high-grade serous ovarian carcinoma.
a. Disease-free survival curves. b. Overall survival curves.

To further investigate the inverse relation between ER and PI3K pathway activity, we
divided samples of postmenopausal women in groups based on ER and PI3K pathway
activity. Subgroup 1 contained all samples with ER pathway activity in the lowest
quartile and PI3K pathway activity in the highest quartile (n=6), subgroup 2 contained
all samples with ER pathway activity in the highest quartile and PI3K pathway activity
in the lowest quartile (n=6) and subgroup 3 contains all remaining samples (n=55). For
subgroup 1, ER pathway activity scores ranged from 0.36 to 4.80 (median 0.91) and
PI3K pathway activity scores ranged from 62.83 to 89.17 (median 75.39). For subgroup
2, ER scores ranged from 12.86 to 27.94 (median 18.22) and PI3K scores from 33.28 to
36.82 (median 36.01) and for subgroup 3, ER scores ranged from 0.12 to 25.40 (median
9.87) and PI3K scores ranged from 19.44 to 84.23 (median 44.59). Figure 5 provides an
219
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overview of pathway activity per subgroup. When comparing pathway activity among
the subgroups, there was a difference in AR (p=0.009) and TGF-β pathway activity
(p=0.041). Subgroup 1 was associated with low AR and TGF-β pathway activity compared
to the other subgroups, while subgroup 2 was characterized by higher TGF-β pathway
activity. There was no statistically significant difference in expression levels of the KI-67
proliferation marker among the subgroups, neither were there differences in DFS or OS.
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Subsequently we repeated the analysis including both pre- and postmenopausal
0
women. Again, samples
were divided based on low ER and high PI3K pathway activity
(subgroup A, n=9), high ER and low PI3K pathway activity (subgroup B, n=6) and the
remaining samples (subgroup C, n=70). For subgroup A, ER pathway activity scores
ranged from 0.22 to 4.80 (median 1.05) and PI3K pathway activity scores ranged from
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60.61 to 89.17 (median 73.74). For subgroup B, ER scores ranged from 14.82 to 27.94
(median 21.16) and PI3K scores from 31.31 to 36.82 (median 34.51) and for subgroup C,
ER scores ranged from 0.12 to 48.64 (median 10.72) and PI3K scores ranged from 19.44
to 84.23 (median 44.59). Figure 6 shows an overview of pathway activity per subgroup.
The difference in AR (p=0.001) and TGF-β (p=0.001) was retained; furthermore, there
was a difference in Wnt (p=0.018) pathway activity between the subgroups.
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To summarize, we identified two subgroups based on ER and PI3K pathway activity
which were characterized by high versus low AR and TGF-β pathway activity in
postmenopausal women. When premenopausal women were included, there also was
a difference in Wnt pathway activity among the subgroups.
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Discussion
In this exploratory study, we assessed whether STP activity can explain differences in
survival in HGSC patients. We analysed STP activity in 85 primary tumour samples of
patients diagnosed with advanced stage HGSC who achieved complete remission after
treatment and had a DFS below 12 months (short DFS) or over 24 months (long DFS).
There were no differences between these two groups in median AR, ER, PI3K, HH, TGF-β
and Wnt pathway activity. Since we observed a wide variety in activity of several STPs in
both short and long DFS groups, our division of HGSC in two groups may have precluded
the discovery of more subtle interactions between pathway activity and survival. The
wide variety of STP activity may also indicate the existence of more specific subgroups. In
univariate Cox proportional hazards analysis, stratification for menopausal status revealed
a positive correlation between ER pathway activity and both DFS and OS in postmenopausal
women. Moreover, Kaplan–Meier survival analysis demonstrated a difference in both DFS
and OS among subgroups based on ER pathway activity quartiles in postmenopausal
women. The difference is mostly due to the lowest quartile compared to the others as it
was characterized by the shortest DFS and OS. Within each of the other quartiles, there
were large differences in DFS and OS, for example in quartile 2 which had the second
shortest DFS but the longest OS. The differences between DFS and OS within the clusters
are illustrative of differences in intrinsic behaviour. Alternatively, the low ER pathway activity
in quartile 1, while there was no evident difference in survival among the second, third
and fourth quartiles, may also suggest that an inactive pathway in particular is negatively
related to survival. The comparability in survival among the higher quartiles may result
from a lack of samples with a particularly active ER pathway or may indicate that whether
or not the ER pathway is active is more important than the actual level of activity. While
these samples may be active compared to other HGSC samples, ER pathway activity is
still low to moderate when compared to healthy Fallopian tube tissue.22 Thus, normal ER
pathway activity, which is necessary for differentiated cell functions in healthy cells, is lost
in HGSC. Alternatively, the differences in survival may result from preferential activity of the
ER-α transcription factor over the ER-β transcription factor.23,24 ER-β mediated signalling is
tumour suppressing while ER-α mediated signalling results in increased proliferation and
thus acts as a tumour promotor. Preferential signalling may thereby contribute to a tumourdriving role of the ER pathway. A slight upregulation of ER-α in HGSC samples has been
described previously.23 It should be noted that the number of included women is small and
diminishes over time; results should therefore be interpreted with caution.
Although individual studies on the prognostic role of ER protein expression have
previously resulted in conflicting outcomes, a recent meta-analysis concluded that OS
was unrelated to ER protein expression in serous ovarian carcinoma (HR 0.90, 95% CI
0.75–1.08).25–28 Unfortunately, due to a lack of suitable immunohistochemical antibodies,
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there is no reliable distinction between ER-α and ER-β expression. Furthermore, a direct
comparison to our results is hindered as ER protein expression does not necessarily
reflect an active ER signalling pathway.29 None of the studies differentiate between preand postmenopausal women, while our findings suggest that hormonal status (i.e. preand postmenopausal) could influence tumour behaviour. Climacteric changes in steroid
hormone metabolism may alter the effect of hormone receptor pathway signalling on
ovarian carcinogenesis. In premenopausal women, endocrine Estrogen synthesis by the
ovaries results in fluctuating levels of circulating estradiol (E2).30 In postmenopausal
women, estrone (E1) is most abundant due to depletion of the ovarian function.31 However,
active E2 is synthesized from E1 in peripheral tissue such as adipocytes or by intracellular
formation in Estrogen-dependent tumour cells.32 Our results suggest that, in a subgroup
of postmenopausal women, the tumour is either insensitive to residual levels of Estrogens
or is unable to produce Estrogens itself. As a consequence, inactivity of the ER signalling
pathway may promote tumour progression to a more aggressive phenotype, resulting in
poorer survival outcomes. Thus, this subset of postmenopausal women may benefit from
high dosed Estrogen replacement therapy under the condition that ER-β is the dominant
receptor type. Alternatively, selective ER-β agonists might be required.23,24
When forming new subgroups based on ER and PI3K pathway activity, we found that
subgroup 1 was also characterized by the lowest AR pathway activity, which further
supports the loss of normal pathway activity in HGSC which is required for normal
differentiated cell functions. An interplay between these pathways has been reported
in ovarian cancer previously. In the study of Martins et al., immunohistochemical ER,
phosphatase and tensin homologue (PTEN), and AR protein expression was found in
3244 HGSC samples.33 PTEN is a tumour suppressor of the PI3K pathway and loss of
PTEN is associated with hyperactivation of the PI3K pathway activity. In line with our
findings, positive PTEN protein expression was strongly correlated to both ER and AR
protein expression.33 Furthermore, a study in PTEN-deficient prostate cancer showed
that AR and PI3K pathway activity were inversely related. Inhibition of AR signalling
resulted in an upregulation of PI3K signalling and vice versa.34 In our subgroups based
on ER and PI3K pathway activity, we see an inverse relation between AR and PI3K
pathway activity (Figure 5 and Figure 6). Hill et al. studied AR and PI3K in ovarian
cancer and, although they reported some level of interaction, it was not reciprocal as is
the case in prostate cancer.35 This outcome seems typical for ovarian cancer research
and may result from the inclusion of several histological subtypes of ovarian cancer
or from intra-tumoral heterogeneity in which a single tumour constitutes of several
cell populations with their own features and specific behaviours.36 In their study, Hill
et al. reported that the relation between the two pathways requires further studies
as the outcome may also result from their choice of AR activity marker or the use of
Metformin as PI3K inhibitor.35
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Another finding in our subgroups based on the inverse relation between ER and PI3K
pathway activity is the low TGF-β pathway activity of subgroup 1. A crosstalk between the
PI3K and TGF-β pathway has been described previously, in which the anti-proliferative
effect of TGF-β signalling is decreased by PI3K pathway activation or even reversed
to tumour promoting depending on the concomitant presence of an active MAPK-AP1
pathway.20 Analysis of pre- and postmenopausal women also resulted in a difference
in Wnt pathway activity among the subgroups. In subgroup A, we found low TGF-β
and Wnt pathway activity, while in subgroup B both pathways appear to be active. An
intricate cooperation of the TGF-β and Wnt pathways acts as a tumour-promotor, as
described previously.37 In contrast, the combination of Wnt pathway activity and FOXO
transcription factor activity (i.e. an inactive PI3K pathway) acts as tumour suppressive
in prostate cancer cells.38
In a previously published study, we used STP assays on a publicly available dataset of
clinically annotated HGSC samples by Tothill et al.39,40 We applied a similar analysis to the
Tothill dataset, with subgroups based on low ER and high PI3K pathway activity and high ER
and low PI3K pathway activity compared to the remaining samples. Although the dataset
contained ample clinical details, there were no data on menopausal status and thus we were
unable to perform a subgroup analysis of postmenopausal women. Instead, we included all
HGSC patients with a DFS below 12 or above 24 months. This analysis revealed comparable
results for AR pathway activity (p=0.002); the subgroup with low ER pathway activity and
high PI3K pathway activity had low AR pathway activity and the subgroup with high ER
pathway activity and low PI3K pathway activity had high AR pathway activity.
A major strength of our study is the clearly defined patient population. Ovarian
carcinoma is a heterogeneous disease and a generally used term for several histotypes,
each with their own distinct characteristics, course of disease and optimal treatment.
To limit heterogeneity and treatment effects on our main outcome, DFS, we formulated
concise in- and exclusion criteria. Although this approach has its limitations, as it results
in the exclusion of a substantial number of patients, we feel it is justified and even
necessary to answer our research question. As a result, the number of included patients
is moderate to small, especially for the subgroup analysis. Future studies including
larger groups of patients should be conducted to establish the translational value
of our results. The effect of FIGO stage and treatment modalities are profound and
thus may conceal the effects of differences in STP signalling. Another strength is the
translation of real-time quantitative reverse transcription-PCR (RT-qPCR) results to
pathway activity scores with potential clinical target and, in contrast to other tools to
determine pathway activity, the STP assays used here can be used for individual patient
samples and thus are suitable for use in daily clinical practice. This more personalized
approach to determine tumour specific characteristics may also be beneficial for the
selection of targeted therapies.
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A limitation of our study is the retrospective nature, as we were dependent on the
quality and tumour percentage of readily available samples and on medical files for
patient characteristics. The hospitals from which patients were included were large
referral centres for gynaecologic oncology. This generally means that patients are
in care of a nearby hospital and are only referred after a first round of diagnostics
indicated an ovarian malignancy, lowering the availability of primary tumour samples.
Patients may also choose to return to the referring hospital for adjuvant treatment
and follow-up, limiting the availability of follow-up data for a small number of patients.
In addition, we chose to exclude women with a DFS between 12 and 24 months to
maximize possible differences between short- and long-term survivors. Although the
number of excluded patients was limited (n=35), and it is unknown for how many of
these patients’ primary tumour samples were available for PCR analysis, this may have
concealed subtler differences. Furthermore, the use of achieving complete remission
as inclusion criterium has resulted in a selection bias in which patients with the poorest
outcome were excluded.
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Conclusions
While we have found a relation between survival and ER signalling pathway activity in
advanced stage postmenopausal HGSC, much remains to be elucidated when it comes
to STP activity in HGSC. Identification of patients with high risk of recurrence and
poor survival could be particularly useful in stratification of patients to (maintenance)
targeted therapies. In our assessment of STP activity of short- and long-term diseasefree survivors of HGSC, we were unable to identify a single pathway responsible for the
differences in survival. However, we were able to identify subgroups of patients which
were characterized by high ER and AR pathway activity and low PI3K pathway activity
and conversely low ER and AR pathway activity and high PI3K pathway activity.
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General discussion
In this thesis, we assessed strategies to lower the burden of ovarian cancer, particularly
for high grade serous carcinoma (HGSC). In Part I we investigated effectiveness and
safety of opportunistic salpingectomy for ovarian cancer prevention and developed an
implementation strategy tailored to the needs of patients and healthcare professionals.
In Part II we examined signal transduction pathway activity in advanced stage HGSC
to provide an explanation for the wide variety in survival and ultimately provide new
leads for the development of targeted therapies. In the current chapter, we present
and discuss our main findings. Subsequently we focus on the implications for clinical
practice, policy and future research.
Main findings
Salpingectomy seems to lower ovarian cancer incidence. However, studies on this
•
topic are heterogenous, often of suboptimal design and/or have a limited study
population (Chapter 2 and Chapter 4)
Based on Anti-Müllerian Hormone levels following hysterectomy with or without
•
opportunistic salpingectomy, there might be a slight impairment in ovarian reserve
following opportunistic salpingectomy (Chapter 3 and Chapter 4). Although the
impact seems to be clinically irrelevant, further research is required for specific
subgroups such as young women below the age of 35.
Given the devastating impact of ovarian cancer and the limited implications of
•
an opportunistic salpingectomy, this intervention is gaining popularity. However,
opportunistic salpingectomy is vulnerable to unwarranted variation in care: in
the Netherlands, current practice varies among regions, hospitals and individual
healthcare professionals (Chapter 5).
Most patients are unaware of the possibility to reduce ovarian cancer risk with
•
opportunistic salpingectomy and are dependent on their treating physician for
unbiased counselling and information (Chapter 6).
For gynaecologists, the decision to counsel a patient on the possibility of
•
opportunistic salpingectomy is influenced by the uncertainty of evidence on longterm effects, perceived feasibility of the intervention during vaginal surgery, and
a lack of national consensus (e.g. incorporation in guidelines) and readily available
counselling material (Chapter 6).
A patient decision-aid facilitates implementation of opportunistic salpingectomy
•
as it provides honest and balanced counselling on possible harms and benefits
and allows patients to make a decision most suited to their personal values and
beliefs (Chapter 7).
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•

In high-grade serous carcinoma, we found that patients with high NF-kB and low
PI3K pathway activity had a more favourable disease-free and overall survival
compared to patients low NF-kB and high PI3K pathway activity (Chapter 8).
We were unable to identify a single pathway responsible for the differences in
survival between short- and long-term disease-free survivors of high-grade serous
carcinoma (Chapter 9).
Low functional ER pathway activity was associated with poor survival outcome
in postmenopausal patients diagnosed with advanced stage high-grade serous
carcinoma (Chapter 9).
Aberrant signalling pathway activity does not automatically imply a detrimental
effect on survival but may also be beneficial depending on the type of pathway
and on tumour specific circumstances (Chapter 8 and Chapter 9).

Interpretation of main results
Part I. Salpingectomy for ovarian cancer prevention
Since the discovery of the serous tubal intra-epithelial carcinoma (STIC) as precursor
of HGSC, many studies and trials have investigated the effectiveness, safety and
feasibility of salpingectomy for ovarian cancer prevention. The different possibilities
for salpingectomy are reflected in the available literature; some studies investigate the
effect of indicated salpingectomy (as treatment for ectopic pregnancy or hydrosalpinx)
or as a method for permanent contraception while others focus exclusively on the effect
of opportunistic salpingectomy (in addition to other surgeries such as a hysterectomy).
Although the wide applicability of salpingectomy is an advantage in the aim to lower
the ovarian cancer incidence, the large heterogeneity in study design, study population
and outcome measures also complicate the accumulation of clear evidence and the
pooling of data in a meta-analysis. The resulting uncertainty of evidence leads to
practice variation in which it depends on the gynaecologist, rather than the patient, if
an opportunistic salpingectomy is performed.
Effectiveness of salpingectomy for ovarian cancer prevention
Despite the lack of evidence on effect of opportunistic salpingectomy on ovarian
cancer incidence, several studies investigated indicated salpingectomy and found a
risk reduction of 29% following unilateral salpingectomy. For bilateral salpingectomy,
the estimates range from 40 to 65%.1–4 When extrapolating the risk reduction
following indicated salpingectomy to the effect of opportunistic salpingectomy, it is
important to consider a possible difference in baseline ovarian cancer risk between
the populations. One might argue that salpingectomy as sterilization method is
merely a change of technique, and thus should not affect baseline ovarian cancer risk.
However, the condition which resulted in indicated salpingectomy may affect baseline
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ovarian cancer risk. In Chapter 2, we included women undergoing salpingectomy for
ectopic pregnancy and hydrosalpinx, which are both more likely to have a medical
history of pelvic inflammatory disease (PID) and endometriosis.5,6 In the large cohort
studies by Falconer et al. and Madsen et al. most salpingectomies are attributed to the
same causes.2,7 Several risk factors for ectopic pregnancy and hydrosalpinx, such as
a chlamydia trachomatis infection, endometriosis and PID are also considered a risk
factor for the development of (subtypes of) ovarian carcinoma.6,8–11 Thus, if there would
be a difference in baseline ovarian cancer risk between women undergoing indicated
salpingectomy and women undergoing opportunistic salpingectomy, the baseline risk
would most likely be lower in the opportunistic group. Given the biological rationale
of salpingectomy, namely the removal of the organ of origin of HGSC, it is justified to
discuss opportunistic salpingectomy with patients based on results from studies on
indicated salpingectomy.
In conclusion, given the underlying biological rationale and the available data
resulting from heterogenous studies on indicated salpingectomies or salpingectomy
as sterilization method, further studies are required to determine the effect size of
opportunistic salpingectomy and to fill in other knowledge gaps such as time between
intervention and its protective effect. Although the accumulation of evidence from
RTCs will take many more years and randomized studies are expected to remain scarce,
many national committees and guidelines suggest opportunistic salpingectomy and
several implementation studies for ovarian cancer prevention have started, often in
combination with the collection of long-term data.12–16 The HOPPSA trial (Hysterectomy
and OPPortunistic Salpingectomy; NCT03045965) is an RCT which plans to randomise
4400 women to hysterectomy with or without salpingectomy to assess the effect
on surgical complication, menopausal complaints and incidence of ovarian cancer.
The HOPPSA research team expects to reach their required inclusions in 2023 and
estimated the total completion date to be in 2053. Given the clinical implications of an
ovarian cancer diagnosis and the timeframe of this trial, it seems unethical to await the
results prior to implementation. To this end, we have started the STOPOVCA project
(NCT04470921) in the Netherlands. In this implementation project, participants (women
undergoing gynaecological surgery with the intention to retain at least one ovary) are
enrolled in a database. Periodically, pathology reports with ovarian cancer diagnoses
will be requested to compare ovarian cancer incidence in women who chose for or
against salpingectomy.
Safety of salpingectomy for ovarian cancer prevention
Safety is another major aspect in the widespread implementation of salpingectomy,
especially given the opportunistic and prophylactic nature of the intervention.
For opportunistic salpingectomy, there are two main considerations: peri- and
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postoperative complications (i.e. surgical safety) and the effect on age at onset of
menopause (i.e. hormonal safety). Given the close proximity of ovaries and Fallopian
tubes, salpingectomy may result in damage to the microcirculation to the ovaries,
accelerating oocyte depletion and lowering the age of onset of menopause.
In this thesis we have shown there is no evidence for a difference in complication
rate between a hysterectomy with or without salpingectomy. However, as mentioned
in Chapter 4, in general the complication rate for hysterectomy is low and thus, a
slight difference cannot be ruled out based on data derived from RCTs. However, in
a review including eight retrospective cohort studies and two RCTs, Kho et al. found
no differences in estimated blood loss, duration of hospital stay or complication rate
following hysterectomy with opportunistic salpingectomy compared to hysterectomy
alone.17 In contrast, a retrospective register-based cohort study found a slight increase
in the overall cumulative incidence of minor complications 1 year after surgery for
opportunistic salpingectomy. Minor complications included damage to the lower
urinary tract or pain, but it should be noted that the difference was no longer significant
when corrected for a history of pelvic inflammatory disease.18 For female sterilisation, a
review comparing salpingectomy to tubal ligation found no differences in complication
rate between the two but similar to other reviews, the number of complications was low,
and results should be interpreted with caution.19 McAlpine et al. found no increased risks
for salpingectomy in addition to hysterectomy or as sterilisation method.20 In terms of
surgical safety, it should also be noted that removal of the Fallopian tubes also prevents
the development of tubal pathology other than HGSC, such as hydrosalpinx, tubal
prolapse and infections as the reported post-operative infectious morbidity is lower
after hysterectomy with salpingectomy compared to hysterectomy alone.21
Hormonal safety is a challenging outcome for randomised controlled trials (RCTs) as
age at onset of menopause requires long-term follow-up and a large number of included
women due to the wide normal range of age at onset of menopause. Most studies revert
to surrogate markers such as hormonal markers like Anti-Müllerian Hormone (AMH)
or measurements like antral follicle count (AFC) to assess the effect of salpingectomy.
In the assessment of hormonal safety, all studies included in the meta-analysis in
Chapter 4 used AMH. Individually, none of the studies reported a significant difference
in AMH following hysterectomy with or without opportunistic salpingectomy. However,
the meta-analysis was indicative of a possible slight decrease in AMH after hysterectomy
with opportunistic salpingectomy. We calculated that the largest possible reduction in
AMH would correspond with a decrease of time to menopause of approximately 20
months. Although AMH has a proven relation to time to natural menopause, its accuracy
declines with increasing age and it remains an imperfect substitute for the outcome
measure we are truly interested in: actual time to menopause.22–24 Aside from AMH,
there are some studies that take a different approach, with varying results: there is no
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difference in the number of women seeking advice from a physician for menopausal
complaints or filling a prescription for hormone replacement therapy when comparing
hysterectomy with opportunistic salpingectomy to hysterectomy alone or comparing
salpingectomy as sterilisation method compared to tubal ligation.25 In contrast, a
register based cohort study comparing menopausal complaints found that, with 31%
versus 24% (relative risk (RR) 1.29, 95% confidence interval (CI) 1.04–1.60), women
reported more menopausal complaints after hysterectomy with salpingectomy than
after hysterectomy alone. The included women were of similar age with 45 versus 46
years of age respectively.18
In summary, there is no evidence for an increase in complication rate following
opportunistic salpingectomy or for salpingectomy as sterilization method. For both
interventions, the complication rate is low. As for the effect of salpingectomy on time
to menopause based on markers for ovarian reserve or other indicators of premature
menopause, there might be a slight decline in AMH. Although the corresponding
reduction in time to menopause is limited, it remains unclear what the true effect on
time to menopause would be. As the effect on time to menopause is especially relevant
in young women, a prospective follow-up study will be conducted within the framework
of the STOPOVCA project. The STOPOVCA-young study (NCT04757922) was initiated
in collaboration with patients and health care professionals and aims to determine
the effect of salpingectomy as sterilisation on age at onset of menopause. Women
who undergo sterilisation through salpingectomy between 35 and 45 years of age are
eligible for the intervention group, while women who undergo sterilisation through tubal
ligation or no sterilisation are eligible for the control group. Through questionnaires, the
age of menopause will be monitored and compared among intervention and control
group. Additionally, decisional regret will be assessed one year post surgery and at the
time of menopause.
Implementation of opportunistic salpingectomy for ovarian cancer prevention
The small additional effort required for opportunistic salpingectomy and urgent need
for an alternative approach to lower ovarian cancer incidence have prompted many
societies to update their guidelines and recommend their members to discuss the
possibility of opportunistic salpingectomy with patients. As a result, there has been a
sharp increase in the uptake of opportunistic salpingectomy in several countries.26–30 In
Chapter 5 we assessed current practice in the Netherlands and show that over half of
Dutch gynaecologists indicate they discuss the possibility of opportunistic salpingectomy
with patients.31 We found that gynaecologists were more likely to inform their patients
if they were familiar with the devasting results of an ovarian cancer diagnosis and
were aware of the current literature regarding opportunistic salpingectomy. Although
the percentages of gynaecologists who discuss opportunistic salpingectomies may
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differ among countries, a substantial part of gynaecologists do not inform their
patients.26–30 This outcome is unsurprising as the lack of clear-cut evidence means
that, for the time being, opportunistic salpingectomy is strongly preference based,
leaving the intervention vulnerable to practice variation. This variation might result
from differences in patient preferences, as patients are free to decide what they feel is
best for them. However, it also might be caused by preference of their gynaecologists,
which is undesirable, especially when taking the results of Chapter 6 into account. In
this mixed-methods study we investigated the factors affecting the implementation
of opportunistic salpingectomy according to patients and health care professionals
and found that the main barrier for patients is that they are simply unaware of the
possibility of opportunistic salpingectomy.32
The aim of the STOPOVCA-implementation project is to increase the number of
patients that are offered a choice for opportunistic salpingectomy, based on balanced
and evidence-based information instead of increase the number of performed
salpingectomies.33 As discussed by Kho et al., widespread implementation will probably
also result in an increasing number of complicated procedures raising the question how
far one should go surgically to remove the Fallopian tubes.34 In addition, adoption of
the opportunistic salpingectomy by other surgical specialisms requires standardised
information. A study by Tomasch et al. shows that salpingectomy during elective
cholecystectomy is accepted by a majority of patients and is feasible in over 90%.
In this trial, which included 105 women, patients were counselled on the function of
the Fallopian tube and the consequences of salpingectomy on reproductive health
including the inability to conceive naturally after salpingectomy. Furthermore, patients
were informed that salpingectomy would not be pursued in case of adhesions or other
factors increasing complication risk.35 Although all these factors are of importance,
it should be clear to both patients and health care professionals that, in our opinion,
salpingectomy in the general population should exclusively be performed when there
are no complicating factors and would not increase complication risk.
It should be noted that uncertainty on how to manage the ovaries in postmenopausal
women might affect the implementation. Whether or not a bilateral oophorectomy
should be performed in unilateral ovarian pathology is a point of discussion in the
gynaecological field. The Dutch guideline on ‘the contralateral ovary’ clearly states this
issue as a knowledge gap and while gynaecologists will face this situation regardless,
one can imagine that the discussion on opportunistic salpingectomy may be avoided
altogether by other medical specialists due to the remaining uncertainty.36 To facilitate
implementation of opportunistic salpingectomy, clear guidelines should be developed
on which intervention (opportunistic salpingectomy, salpingo-oophorectomy or a
combination of unilateral oophorectomy with opportunistic salpingectomy) is most
suited in a number of situations.
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To facilitate shared decision making when it comes to opportunistic salpingectomy,
we developed a patient decision aid (PtDA) as described in Chapter 7. The PtDA was
developed by an expert team with patient involvement for use by gynaecologists, but
it can be adapted for use by other specialists as well as it has two separate pathways;
one on salpingectomy during other surgeries and one on salpingectomy as sterilization
method. We chose this strategy due to the difficulties that may be experienced in the
implementation of PtDAs. Even if both healthcare professionals and patients have been
involved in the development of a PtDA, it may fall into disuse if it is not tailored to the
general workflow of a certain department.37,38 A well thought-out implementation plan
is required to convince users who may feel the PtDA takes up too much time, regardless
of whether or not it actually does, may not fit their population or is inconvenient
to use. Aside from interpersonal differences, the needs and requirements for an
implementation strategy may vary among medical specialties. The implementation of
our PtDA in the gynaecological field will serve as a template for the implementation
in other fields, but will need to be evaluated and tailored to the target audience to
maximize the chances of a successful implementation.
Part II. Signalling pathway analysis of advanced stage disease
The most potent way to prevent ovarian cancer related morbidity and mortality is
through primary prevention. Although we have aimed to reduce ovarian cancer
incidence in part I of this thesis, the reality for the foreseeable future remains that
women will continue to be diagnosed with ovarian cancer at an advanced stage of
disease.39 A tremendous research effort to screen women at population risk of ovarian
cancer produced disappointing results.40,41 Moreover, even if a proportion of patients
is diagnosed at an early stage of disease, all efforts still fall short in their effort to
accomplish an actual decrease in cancer specific mortality.41 Once diagnosed with HGSC,
most patients have a good initial response to debulking surgery and (neo-)adjuvant
chemotherapeutic treatment but unfortunately, a vast majority of patients experiences
recurrent disease which often is resistant to platinum-based chemotherapy.42 Although
efforts to increase survival through maximum surgical efforts have shown promising
results, the question arises if it is time for a radically different approach to treating
HGSC. In this thesis, we have taken a new approach to consider alternative treatment
options for ovarian cancer using models to infer actual signal transduction pathway
activity in women with advanced stage HGSC.
The availability of pathway assays to analyse patient sample data depended on
the type of input data. For Affymetrix HG-U133Plus2.0 data, as found in the Gene
Expression Omnibus (GEO) and used in Chapter 8, we were able to analyse the
Androgen Receptor (AR), Estrogen Receptor (ER), Phosphoinositide 3-Kinase (PI3K),
Hedgehog (Hh), Notch, Nuclear Factor-kappa B (NF-κB), Transforming Growth Factor
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Beta (TGF-β), and canonical wingless-type MMTV integration site (Wnt) pathways.43,44
As Affymetrix data can only be generated on fresh frozen tissue samples, the pathway
assays have been adapted to qPCR-based pathway assays. For RT-qPCR data, derived
from formalin-fixed paraffin-embedded (FFPE) tissue and used in Chapter 9 we were
able to analyse the activity of AR, ER, PI3K, HH, TGF-β and Wnt pathways. While these
pathways are of different classifications (hormone driven, growth factor, inflammatory
and developmental pathways), they all have an important role in the government of
cellular functions as all known driver mutations to date are part of one or more of
twelve pathways which can be divided according to the main cellular processes which
they control; cell survival, cell fate and genome maintenance.45,46
In this thesis, we aimed to differentiate in functional pathway activity between shortterm and long-term survivors of HGSC but were unable to demonstrate a difference
in median pathway activity between these two groups. This finding might result from a
number of reasons. Our results may have been affected by confounding factors such as
immune response, overall condition and general health as the treatment regimens are
tailored to each patient depending on stage of disease, which all might affect survival.
Another factor is the tumour specific genetic background given that ovarian cancer is
a strongly heterogenous disease consisting of subtypes with fundamental differences
in aetiology, intrinsic behaviour and response to treatment.47 Thus, the use of lenient
inclusion criteria may conceal subtle differences, while narrow population requirements
restrict general applicability and the number of eligible patients. In our research, we
have strived to limit heterogeneity through a clearly defined group which means we only
included women with FIGO stage IIIc or V disease. All had to be treated by a combination
of debulking surgery and chemotherapeutic treatment and had to achieve complete
remission. Furthermore, we chose primary tumour samples but as the questions remain
on the effect of chemotherapeutic treatment on pathway activity, it is a possibility that
a percentage of tumours has a different response to chemotherapy, precluding the
identification of more subtle differences. However, while there were no differences in
median pathway activity among long-term and short-term disease-free survivors, we
were able to define subgroups based on pathway activity. In Chapter 8, we found a
relation between NF-kB and PI3K pathway activity and disease-free survival (DFS) and
overall survival (OS) and in Chapter 9, we found a relation in postmenopausal women,
between ER pathway activity and survival. These findings will be discussed below.
To determine whether or not a certain level of pathway activity is to be considered
a sign of aberrant (de-)activation, thresholds need to be determined. They may be
determined through an analysis of healthy cell of origin samples, which in our case
would be healthy Fallopian tube epithelium.45 Pathway activity above or below two
standard deviations of mean pathway activity in healthy cells may be considered as
abnormally high and low respectively. Although this approach provides an indication
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of pathway activity in cancer compared to its healthy precursor, it may preclude the
discovery of more subtle differences within a subgroup. Although all HGSCs have
a low ER pathway activity compared to healthy Fallopian tube tissue, possibly as a
sign of dedifferentiation, lower pathway activity was nonetheless associated with a
poorer survival outcome as shown in preliminary results by van der Ploeg et al.48
Additional research into precursor lesions and subtypes is required to establish robust
thresholds.
NF-kB and PI3K pathway activity in HGSC
In Chapter 8, we found that high NF-κB and low PI3K pathway activity was related to
a longer DFS and OS.44 PI3K pathway activity has a role in cell migration and invasion
and is associated with a poorer prognosis in several cancer types.49 In HGSC it may
contribute to tumour progression. The increased NF-κB pathway activity may result
in a more favourable prognosis due to increased apoptosis of cancer cells.50 Another
possible explanation however, would be an increased immune response resulting in
the inclusion of immune infiltrates in our tissue analysis. In both our own sample set
(Chapter 9) and the dataset acquired from a publicly available repository (Chapter 8),
samples were macro-dissected to maximise the percentage of cancer cells for analysis.
Samples with less than 40% tumour tissues were excluded from our dataset, and
for the Tothill dataset a vast majority had a tumour percentage of at least 50%.44,51
Although the pathway models are robust, inclusion of other cell types may affect the
results. Future studies using micro-dissected tumour cells instead of macro-dissected
sections will allow for more precise analysis and aid the understanding of our results
by differentiating between the effect of cancer genotype and cancer phenotype on
survival outcomes.
ER pathway activity in postmenopausal women diagnosed with HGSC
As mentioned previously, possible differences in pathway activity between short-term
and long-term survivors may also have been obscured by confounding factors related to
individual patients such as immune response or menopausal status. Subgroup analysis
based on menopausal status as performed in Chapter 9 revealed that loss of ER
pathway activity was related to poorer survival outcomes, but only in postmenopausal
women. Thus, while most studies do not differentiate between tumours diagnosed in
pre- and postmenopausal women, our results suggest there might be a difference in
tumour behaviour between these groups, in which for some pathways the effect on
survival may even be reversed. As a result, pre- and postmenopausal women may
experience a different response to the same targeted therapy. Although this finding
shows the complexity of ovarian cancer, it also further subdivides an already strongly
heterogeneous group.
243

10

Chapter 10

Conventionally, immunohistochemical staining of Estrogen receptor protein (ER
staining) is used to determine ER pathway activity. In breast cancer, ER pathway
activity has shown to be a better predictor for response to hormonal treatment than
ER staining. A substantial part of non-responders had an inactive ER pathway despite
having an ER positive tumour as determined by ER staining.52,53 In HGSC patients, a
comparison of ER staining and STA analysis revealed that a proportion of tumours with
positive ER staining had an inactive ER pathway. Furthermore, there was no correlation
between either the total percentage of positive stained tumour cells or ER histoscores
and functional ER pathway acitivity.54 In short, ER signalling requires the presence of
nuclear ER but the presence of nuclear ER does not automatically imply an active ER
pathway as it requires presence of the Estrogen ligand.55 Furthermore, it provides no
insight in the level of activity of the pathway.45
Signal transduction pathway activity and targeted therapies
STA analysis is a rather new technique with distinct advantages over other ‘pathway
analysis’ tools. Most tools are based on mRNA expression levels which are compared
between two groups. The overrepresentation of differentially expressed genes in one of
the groups is subsequently linked to ‘pathways’ which represent a variety of intracellular
molecular mechanisms rather than the specific activity of signal transduction pathways.
However, mRNA expression levels are not a valid predictor for its corresponding protein
levels as they often have different production and turnover rates. Furthermore, the
functional activity of signalling proteins is not determined by its quantity but by posttranslational modifications.45 As a result, pathway tools produce long lists of possibly
involved ‘pathways’ (i.e. intracellular processes and not STPs) which have no clinical
implication and may obscure clinically relevant pathways or even fail to identify relevant
STPs altogether.45,56,57 An example is given in our analysis of the Tothill dataset in
Chapter 8. In their paper, Tothill et al. use a pathway analysis tool on their newly
formed ovarian cancer clusters and identified their cluster 6 as ‘Wnt active’ based on
identification of differentially expressed genes with subsequent PANTHER analysis and
β-catenin staining.58,59 In the supplemental results, it shows that PANTHER analysis
links both cluster 5 and 6 to Wnt activity, with the strongest association in group 5.
In STA-analysis, we found that Wnt pathway activity was the defining trait of cluster 6
while for cluster 5 there was no significant increase in Wnt pathway activity compared
to other clusters.44,51 Thus while both clusters may overexpress genes associated with
the Wnt pathway, in cluster 5 there is no upregulation in Wnt pathway activity while
upregulated Wnt pathway activity is the defining trait of cluster 6. This contrast aptly
demonstrates the importance of being able to differentiate between inconsequential
genetic chances, which form an overwhelming majority of genetic changes in cancer
cells, and the identification of tumour driving mutations.45,46
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In Chapter 8 we formed clusters based on NF-κB and PI3K pathway activity through
k-means clustering, while in Chapter 9 we formed subgroups based on extraordinarily
high or low pathway activity. In both instances we preselected the included pathways
based on biological rationale rather than attempting a more data-mining like approach.
Aside from the analysis of advanced stage disease, STA analysis may be of value in
other stages of disease as well. When comparing recurrent disease to primary tumour
tissue, another possibility would be to compare platinum sensitive tumours to platinum
resistant tumours to identify the pathways either responsible for or affected by therapy
resistance. Subsequently, these insights can be used in the development of adjuvant
treatments or alternatives to the current regimen. Identification of active pathways
also provides a base for further analysis in the form of specific mutations. Although the
analysis of specific gene alterations does not provide information on the effect of these
mutations (is it a driver mutation or of no clinical significance?), in combination with
STA analysis it provides crucial information for the application of targeted therapies.
The complementary results identify the tumour driving pathway and subsequently
identify the mutated target gene to provide information on suitable therapies targeting
the pathway downstream of its driver mutation.
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Future perspectives
Recommendations for clinical practice
Opportunistic salpingectomy should be discussed with all (gynaecologic) patients
•
with an indication for abdominal surgery with the intention to retain at least one
ovary.
In patients who have decided for sterilization, the option of salpingectomy instead
•
of tubal ligation should be discussed.
Opportunistic salpingectomy should only be performed if there is no additional
•
risk of complications.
Patients should be aware of the opportunistic nature of the intervention and the
•
possibility of their surgeon deciding against salpingectomy in case of risk factors
such as adhesions.
Opportunistic salpingectomy seems viable during surgeries performed by other
•
surgical specialists. However, patients require thorough counselling and should
be aware that, for example, salpingectomy results in the inability to conceive
spontaneously.
The use of a patient decision aid may contribute to lowering the unwarranted
•
variation in care as it provides unbiased and complete information tailored to the
needs of both professionals and patients.
Recommendations for policy
To promote accessibility and uniformity in use, it may be advisable to provide a
•
central platform for patient decision aids. Currently, the costs for use of patient
decision aids falls on individual departments which may prevent widespread
implementation.
As uncertainty of billing procedures are perceived as barriers in the implementation
•
of salpingectomy, clear codes and systems should be provided.
After successful implementation of opportunistic salpingectomy in the
•
gynaecological field with use of a patient decision aid, the experience should serve
as a template for implementation in other surgical specialisms, such as general
surgery or urology, where opportunistic salpingectomy should be incorporated in
guidelines.
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Recommendations for future research
The optimal age for opportunistic salpingectomy for ovarian cancer prevention
•
should be investigated. Based on our results in chapter 2, it is to be expected that
there is a very limited effect in the first years following salpingectomy. To reach
a conclusion on optimal age, more data is needed on the average timeframe in
which STIC lesions develop into metastatic disease.
The effect of opportunistic salpingectomy on time to menopause, and whether or
•
not the effect is greater in younger women should be more thoroughly investigated.
We aim to contribute through the STOPOVCA-young study.
To aid the implementation of opportunistic salpingectomy in other surgical
•
specialisms, specific barriers and facilitators to the implementation of the
intervention should be investigated per subgroup. This will aid the development
of a tailored implementation strategy.
Signal transduction pathway analysis should be carried out on Fallopian tube
•
epithelium, precursor lesions (e.g. p53 signatures, serous tubal intraepithelial
lesions, serous tubal intraepithelial carcinomas) and a range of ovarian carcinomas
to aid our knowledge of carcinogenesis and to more accurately identify a range of
subtypes and mix-type tumours, both currently known and as yet to be discovered.
In conclusion, opportunistic salpingectomy is an increasingly popular method to
lower ovarian cancer risk later in life. The evidence for this intervention results mostly
from studies on indicated salpingectomy. However, the underlying biological rationale
for opportunistic salpingectomy, the gravity of an ovarian cancer diagnosis and the
uptake of opportunistic salpingectomy in clinical practice regardless of the existence
of knowledge gaps requires an implementation strategy. Based on the preferences
and needs of both patients and gynaecologists we developed a patient decision aid on
opportunistic salpingectomy and salpingectomy as sterilization method. Furthermore,
we investigated signal transduction pathway activity in women diagnosed with high
grade serous ovarian cancers and were able to link several pathways to increased
survival chances in subgroups of patients, such as postmenopausal women. Future
research should focus on the implementation of opportunistic salpingectomy in
other surgical specialities. In addition, STA analysis should be used to broaden our
understanding of ovarian cancer and to identify subgroups suited for targeted therapies
based on tumour characteristics.
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Summary
In this thesis we have used a dual approach to lower the burden of disease associated with
ovarian cancer in general, and high grade serous ovarian cancer (HGSC) in particular.
As described in Chapter 1, the discovery of the serous tubal intra-epithelial carcinoma
(STIC) as precursor lesion for HGSC, has resulted in the option of salpingectomy to
reduce ovarian cancer risk later in life. Although the popularity of this intervention is
increasing globally, remaining knowledge gaps and a lack of a tailored implementation
strategy leave opportunistic salpingectomy (i.e. additional salpingectomy during
surgery for another indication) vulnerable to unwarranted practice variation. Therefore,
in Part I, we investigated the effect, safety and implementation of salpingectomy as an
intervention to reduce ovarian cancer risk later in life in women at population risk. In
Part II, we investigated women diagnosed with advanced stage disease. Among these
women, there is a large variety in disease free survival which cannot be explained by
well-known clinicopathological factors. We investigated signal transduction pathways
(STPs) in advanced stage disease to identify pathways associated with survival. In
time, the identified pathways may ultimately provide new goals for the development
of targeted therapies.
Part I. Salpingectomy for ovarian cancer prevention
In Chapter 2, we investigated the effect of indicated salpingectomy on ovarian cancer
risk compared to no salpingectomy for any reason. In this nationwide population-based
database study, we made use of the Dutch pathology database to identify all women
who underwent salpingectomy for ectopic pregnancy or hydrosalpinx between January
1990 and December 2012 (n=18 961). The ovarian cancer incidence was compared to a
control group of women who had a benign dermal nevus removed (n=23 686), matched
for age at the time and year of procedure. We found an age-adjusted hazard ratio (HR)
for ovarian cancer of 0.76 (95% confidence interval (CI) 0.39–1.47) after salpingectomy.
Unilateral salpingectomy resulted in an age-adjusted HR of 0.81 (95% CI 0.41–1.59) and
bilateral salpingectomy resulted in an age-adjusted HR of 0.43 (95% CI 0.06–3.16).
In Chapter 3 we evaluated whether opportunistic salpingectomy in premenopausal
women undergoing hysterectomy for benign indications is both hormonally and
surgically safe. In this multicentre randomised controlled trial, women (30-55 years)
were allocated to hysterectomy with salpingectomy (n=52) or hysterectomy alone
(n=52). We found no increase in the difference in serum anti-Müllerian hormone
(AMH) concentration measured pre-surgery and 6 months after salpingectomy
(p=0.49), neither was there an impact on duration of hospital stay. Together with 6
other RCTs (a total of 350 women analysed), these results were included in a review
and meta-analysis presented in Chapter 4. The primary review outcomes were ovarian
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cancer incidence, intraoperative and short-term postoperative complication rate and
postoperative hormonal status. There were no studies specifically reporting on ovarian
cancer incidence after hysterectomy with opportunistic salpingectomy compared to
hysterectomy alone. For surgery-related adverse events, there were insufficient data
to assess whether there was any difference in both intraoperative and short-term
postoperative complication rates, because the number of surgery-related adverse
events was very low. For postoperative hormonal status, the results were compatible
with no difference, or with a reduction AMH that would not be clinically relevant (Mean
Difference (MD) -0.94, 95% CI -1.89–0.01, I2=0%, 5 studies, 283 participants, low-quality
evidence). We found that there is a need for research on the long-term effects of
opportunistic salpingectomy during hysterectomy, particularly in younger women, as
results are currently limited to six months postoperatively. Furthermore, while there
were no eligible studies reporting on one of our primary outcomes, the growing body
of evidence for the effectiveness of indicated salpingectomy is strongly suggesting
a protective effect. We concluded that, in light of the available evidence, addition of
opportunistic salpingectomy should be discussed with each woman undergoing a
hysterectomy for benign indication, with provision of a clear overview of benefits and
risks.
In Chapter 5, we conducted a nationwide cross-sectional survey study in all hospitals
in the Netherlands. An anonymous online survey which focused on current practice
and influencing factors was sent out to gynaecologists and trainees. We found that
the current practice of discussing and performing opportunistic salpingectomy varied
widely, with ovarian cancer risk reduction as most important supportive factor on
innovation level. Supportive factors on the level of organization and healthcare provider
were: working in a non-training hospital, knowledge of current literature and extensive
work experience. On individual patient level, a vaginal approach of hysterectomy,
negative family history for ovarian cancer and the presence of firm adhesions were
suppressive factors for the opportunistic salpingectomy. Subsequently in Chapter 6,
we conducted a mixed-method study to identify influencing factors on implementing
opportunistic salpingectomy from both patients’ and professionals’ perspectives. We had
a qualitative (n=31) and a quantitative phase (n=281) both with patients and health care
professionals. For both phases, barriers and facilitators were classified into the following
domains: innovation, patient, healthcare professional, social setting, organization, and
economic and political context. We found that for patients, main barriers were lack of
knowledge about the existence of the opportunistic salpingectomy (45%), size of the
surgery (44%) and its associated possible disadvantages (37%). In addition, patients
attributed their reluctance to concerns about the removal of healthy organs (46%).
For professionals, main barriers were patients’ lack of knowledge of the size of surgery
(85%) and its associated possible disadvantages (77%), the gap in evidence on long
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term risks and benefits (43%), the lack of feasibility in certain patients and during
vaginal surgery (66%). Both patients (41%) and professionals (67%) identified the need
for counselling material as facilitator. We concluded that including the opportunistic
salpingectomy in gynaecological guidelines and a decision aid for counselling could
serve as tools to facilitate implementation. To this end, we developed a patient decision
aid on opportunistic salpingectomy in women undergoing either pelvic gynaecological
surgery with the intention to retain the ovaries or opting for sterilization in Chapter 7.
We followed a systematic development process based on the International Patient
Decision Aid Standard (IPDAS). The development process took place between June
2019 and June 2020, using both qualitative and quantitative methods and was
performed in collaboration with patients and healthcare professionals. An outline of the
patient decision aid was developed based on decisional needs, current literature and
guidelines. It became clear that the decision aid should consist of two separate paths:
one with information specifically for salpingectomy in addition to abdominal surgery
and one for salpingectomy as a sterilization method. Both paths contained information
on the anatomy and function of ovaries and Fallopian tubes, the risk reduction of
ovarian cancer and the potential benefits and risks of opportunistic salpingectomy. The
sterilization path also contained information on the various sterilization methods and
the risk of unwanted pregnancy. The patient decision aid was developed as an online
tool that includes information chapters, a knowledge quiz, consideration statements,
and a summary detailing patient’s preference and considerations. Adjustments were
made following alpha testing and the improved patient decision aid scored an ‘excellent’
in patient testing and a ‘good’ in tests with gynaecologists.
Part II. Signalling pathway analysis of advanced stage disease
In Part II of this manuscript, we describe our research into signal transduction
pathway (STP) activity in high-grade serous carcinoma (HGSC). To this end, we made
use of signal transduction pathway activity analysis (STA analysis), a novel method to
quantify functional STP activity. In Chapter 8, we selected 140 HGSC samples from
publicly available datasets of ovarian cancer tissue and measured pathway activity of
the following STPs: androgen receptor (AR), Estrogen receptor (ER), phosphoinositide
3-kinase (PI3K), Hedgehog (Hh), Notch, nuclear factor-kappa B (NF-κB), transforming
growth factor beta (TGF-β), and canonical wingless-type MMTV integration site (Wnt). We
used repeated k-means clustering to identify pathway activity clusters and progression
free survival and overall survival of the clusters were analysed. Repeated k-means
clustering based on PI3K and NF-κB pathway activity in HGSC samples resulted in two
stable clusters. The cluster with low PI3K and high NF-κB pathway activity (n=72) had
a more favourable prognosis for both progression free survival (p=0.004) and overall
survival (p=0.001) compared to the high-PI3K and low-NF-κB pathway activity cluster
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(n=68). The low PI3K and high NF-κB pathway activity of the favourable prognosis
cluster may indicate a more active immune response, while the high PI3K and low
NF-κB pathway activity of the unfavourable prognosis cluster may indicate high cell
division. Following the use of publicly available datasets, we assembled our own data
in Chapter 9, where we investigated possible relations between STP activity and
survival. We assessed the functional activity of the AR, ER, PI3K, HH, TGF-β and Wnt
pathway in 85 primary tumour samples of patients with FIGO stage IIIC to IVB HGSC
and a disease-free survival below 12 (n=52) or over 24 months (n=33). There were no
significant differences in median pathway activity between patients with a short and
long disease-free survival. In univariate Cox proportional hazards analysis, ER pathway
activity was related to a favourable disease-free and overall survival in postmenopausal
women (p=0.033 and p=0.041, respectively), but not in premenopausal women. We
divided the postmenopausal group in subgroups based on ER pathway activity quartiles.
Survival analysis revealed that postmenopausal women in the lowest ER quartile had a
shorter disease-free and overall survival (log-rank p=0.006 and p<0.001, respectively).
Furthermore, we were able to form subgroups of patients based on an inverse relation
between ER and PI3K pathway activity. In conclusion, in postmenopausal patients with
advanced stage HGSC, low functional ER pathway activity was associated with a poorer
survival outcome.
In Chapter 10, we discuss our findings in light of other research. We conclude that while
knowledge gaps still remain for opportunistic salpingectomy, its popularity is on the rise.
To avoid unwarranted variation in care patients should be provided with all available
data and be allowed to make a decision that best fits their needs. For advanced stage
HGSC and STP activity, we discuss pathways which are related to survival in subgroups
of patients. We conclude this chapter with suggestions for clinical practice, policy and
future research.
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Dit proefschrift is gericht op het reduceren van de ziektelast geassocieerd met
ovarium carcinomen in het algemeen, en hooggradig sereuze carcinomen (HGSC)
in het bijzonder. Hierbij is er gekozen voor een tweeledige strategie, waarbij we in
Deel I onderzoek doen naar preventie van ovariumcarcinomen. Zoals beschreven in
Hoofdstuk 1 is er in toenemende mate bewijs dat de meest voorkomende vorm van
ovariumcarcinomen, de HGSC, ontstaan in de tubae. Het verwijderen van de tubae tijdens
een operatieve ingreep die plaatsvindt om een andere reden wordt een opportunistische
salpingectomie genoemd. In Deel II onderzoeken we signaaltransductie activiteit in
ovariumcarcinomen in een vergevorderd stadium om de grote verschillen in overleving
te verklaren. Hoewel de prognose van patiënten gediagnosticeerd met een hooggradig
sereus ovariumcarcinoom slecht is, blijkt er een grote spreiding in ziektevrije en totale
overleving te zijn die niet verklaard kan worden op basis van klinische of pathologische
factoren.
Deel I. Salpingectomie ter preventie van ovariumcarcinoom
In Hoofdstuk 2 onderzoeken we het effect van therapeutische salpingectomie,
bijvoorbeeld ter behandeling van een extra uteriene graviditeit (EUG) of hydrosalpinx,
op de incidentie van ovariumcarcinomen. In de OCASE-studie maakten we gebruik van
de nationale database van het Pathologisch-Anatomisch Landelijk Geautomatiseerd
Archief (PALGA), die de gegevens bevatte van 18 961 vrouwen die een salpingectomie
hebben ondergaan tussen januari 1990 en december 2012. De ovariumcarcinoom
incidentie in deze groep werd vergeleken met een controlegroep van 23 686 vrouwen
die een benigne naevus hebben laten verwijderen. Na correctie voor leeftijd ten tijde van
de ingreep vonden we een hazard ratio (HR) van 0.76 (95% betrouwbaarheidsinterval
(BI) 0.39–1.47) op het ontwikkelen van een ovariumcarcinoom. Wanneer gecorrigeerd
voor leeftijd ten tijde van de ingreep, resulteerde unilaterale salpingectomie in een
HR van 0.81 (95% BI 0.41–1.59), en bilaterale salpingectomie in een HR van 0.43
(95% BI 0.06–3.16). In de HYSTUB-studie, beschreven in Hoofdstuk 3, evalueren
we het effect van opportunistische salpingectomie op de ovariële reserve. Vrouwen
werden gerandomiseerd tussen een hysterectomie met of zonder opportunistische
salpingectomie. Het effect op de ovariële reserve werd bepaald aan de hand van
het verschil in postoperatieve en preoperatieve Anti-Mülleriaans hormoon (AMH)
concentratie, de ∆AMH. We vonden geen verschil in ∆AMH tussen de beiden groepen.
Tevens had de toevoeging van de opportunistische salpingectomie geen effect op
chirurgische uitkomstmaten zoals operatieve en postoperatieve complicaties of de
duur van ziekenhuisopname. De resultaten van de HYSTUB-studie zijn meegenomen
in een Cochrane Review over hysterectomieën met en zonder opportunistische
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salpingectomie, beschreven in Hoofdstuk 4. In deze studie werd er primair werd er
gekeken naar ovariumcarcinoom incidentie, het vóórkomen van zowel intra-operatieve
als postoperatieve complicaties op de korte termijn en de postoperatieve hormonale
status. Er waren geen studies die specifiek keken naar de ovariumcarcinoom
incidentie na hysterectomie met salpingectomie in vergelijking tot hysterectomie
zonder salpingectomie. Hoewel er wel studies waren die keken naar het complicatie
risico, kon geen goede vergelijking worden gemaakt tussen hysterectomie met en
zonder salpingectomie omdat bij beide ingrepen het complicatierisico erg laag was.
Het verschil in postoperatieve AMH-concentratie tussen vrouwen die hysterectomie
met en zonder salpingectomie hebben ondergaan, kan passen bij geen significant
verschil, of een significante reductie in AMH die niet klinisch relevant is (Mean
Difference (MD) -0.94, 95% BI -1.89–0.01, I2=0%, 5 studies, 283 deelnemers, bewijs
van lage kwaliteit). In dit review concludeerden we dat er behoefte is aan onderzoek
naar de langetermijneffecten van de opportunistische salpingectomie tijdens een
hysterectomie, in het bijzonder voor jonge vrouwen, omdat de resultaten momenteel
beperkt zijn tot zes maanden postoperatief. Hoewel er geen studies waren naar een
van onze primaire uitkomstmaten, ovariumcarcinoom incidentie, is er in toenemende
mate bewijs voor het beschermende effect van de opportunistische salpingectomie.
Gezien het huidige beschikbare bewijs concludeerden wij dat de opportunistische
salpingectomie besproken zou moeten worden met elke vrouw die een hysterectomie
zal ondergaan op benigne indicatie. Hierbij moet er een helder overzicht gegeven
worden van de mogelijke voor- en nadelen.
In Hoofdstuk 5 beschrijven we een nationale cross-sectionele vragenlijststudie,
verricht onder alle gynaecologen en gynaecologen in opleiding. Zij ontvingen
hiervoor een anonieme vragenlijst, gericht op het huidige beleid ten aanzien van de
opportunistische salpingectomie en welke factoren hierop van invloed zijn. Er bleek
een grote variatie te zitten in de mate waarin de opportunistische salpingectomie met
patiënten besproken en uitgevoerd werd. Op innovatieniveau was het reduceren van het
ovariumcarcinoom risico de belangrijkste reden om een salpingectomie te verrichten.
Op organisatieniveau en het niveau van de zorgverlener hadden werkzaam zijn in
een niet-opleidingskliniek, kennis van de huidige literatuur en veel werkervaring een
positief effect op het bespreken en verrichten van de salpingectomie. Op patiëntniveau
zagen we dat de salpingectomie minder vaak besproken en uitgevoerd werd bij een
vaginale hysterectomie, een negatieve familie-anamnese voor ovariumcarcinoom en
bij de aanwezigheid van straffe adhesies. Vervolgens hebben we in Hoofdstuk 6 een
mixed-method studie verricht om zowel belemmerende als bevorderende factoren
te identificeren die van invloed zijn op de implementatie van de opportunistische
salpingectomie, vanuit het perspectief van patiënten en zorgprofessionals. De studie had
een kwalitatieve (n=31) en een kwantitatieve fase (n=281) waar beiden aan deelnamen.
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De factoren werden voor beide groepen ingedeeld in de volgende domeinen: innovatie,
patiënt, zorg professional, sociale setting, organisatie en economische en politieke
context. De grootste belemmering voor patiënten was het gebrek aan kennis over het
bestaan van de opportunistische salpingectomie (45%), hoe groot de ingreep precies
is (44%) en de mogelijke nadelen (37%). Verder gaven patiënten aan dat zij liever
geen gezonde organen laten verwijderen (46%). Professionals ervaarden de volgende
belemmeringen: het gebrek aan kennis van patiënten ten aanzien van de omvang van
de ingreep (85%), de mogelijke negatieve gevolgen (77%) en de kennislacunes ten
aanzien van de langetermijnrisico's en positieve effecten (43%). Verder achtten zij
de opportunistische salpingectomie niet geschikt voor bepaalde patiënten en tijdens
vaginale chirurgie (66%). Zowel patiënten (41%) als professionals (67%) hadden
behoefte aan counselingmateriaal. We concludeerden dat de implementatie van de
opportunistische salpingectomie bevorderd zou kunnen worden door de ingreep te
includeren in gynaecologische richtlijnen en door een keuzehulp over dit onderwerp
te ontwikkelen. Hoofdstuk 7 beschrijft dan ook de ontwikkeling van een keuzehulp
over de opportunistische salpingectomie. De keuzehulp is geschikt voor vrouwen die
intra-abdominale gynaecologische chirurgie ondergaan waarbij tevens is besloten
dat de ovaria in situ zullen blijven, en voor vrouwen die een sterilisatie ondergaan.
Het systematische proces voor de ontwikkeling van de keuzehulp was gebaseerd op
de International Patient Decision Aid Standard (IPDAS), en vond plaats tussen juni
2019 en juni 2020. De ontwikkeling vond plaats in samenwerking met patiënten
en zorgprofessionals waarbij er gebruik werd gemaakt van zowel kwalitatieve als
kwantitatieve methoden. De opzet van de keuzehulp werd ontwikkeld op basis van
informatiebehoefte, recente literatuur en huidige richtlijnen. Gedurende dit proces
werd duidelijk dat de keuzehulp uit twee paden zou moeten bestaan: één met informatie
gericht op de opportunistische salpingectomie als toevoeging op een reeds geplande
operatie en één met informatie gericht op salpingectomie als sterilisatiemethode.
Beide paden geven informatie over de anatomie en functie van de ovaria en de
tubae, de afname van het risico op het ontwikkelen van een ovarium carcinoom en de
potentiële voor- en nadelen van de salpingectomie. Het pad over de salpingectomie
als sterilisatiemethode bevat tevens informatie over de verschillende sterilisatie
methoden en de kans op ongewenste zwangerschap. De keuzehulp werd ontwikkeld
als een online tool bestaande uit informatie hoofdstukken, een kennisquiz, statements
om de eigen overwegingen te verduidelijken en een samenvatting van de voorkeuren
en belangrijkste overwegingen van de patiënt. Aan de hand van alfa testen werden
verbeterpunten geïdentificeerd en aangepast. De verbeterde keuzehulp werd door
patiënten beoordeeld als 'uitstekend' en door gynaecologen als 'goed'.
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Deel II. Analyse van signaal transductiepaden in vergevorderde ovariumcarcinomen
In Deel II van dit manuscript beschrijven we ons onderzoek naar activiteit van signaal
transductiepaden (STP) in vergevorderde HGSC, waarbij we gebruik maakten van
een nieuwe methode om functionele signaaltransductie activiteit te analyseren en
kwantificeren (STA analyse). In Hoofdstuk 8 selecteerden we 140 HGSC samples uit
publieke datasets met ovariumcarcinomen, en bepaalden de STP-activiteit van de
volgende STPs: androgen receptor (AR), Estrogen receptor (ER), phosphoinositide
3-kinase (PI3K), Hedgehog (HH), Notch, nuclear factor-kappa B (NF-κB), transforming
growth factor beta (TGF-β) en Wnt. Met behulp van k-means clustering werden twee
stabiele clusters gevormd op basis van PI3K en NF-κB activiteit. Het cluster met
lage PI3K en hoge NF-κB STP-activiteit (n=72) had een betere prognose voor zowel
progressie-vrije (p=0.004) als totale overleving (p=0.001) in vergelijking met het cluster
met hoge PI3K en lage NF-κB STP-activiteit (n=68). De lage PI3K en hoge NF-κB STPactiviteit van het cluster met de meest gunstige prognose is mogelijk een indicatie van
een actievere immuunrespons, terwijl de hoge PI3K en lage NF-κB STP-activiteit van het
andere cluster een uiting kan zijn van een versnelde celdeling. In Hoofdstuk 9 hebben
we onze eigen dataset verzameld om de mogelijke relatie tussen STP-activiteit en
overleving te onderzoeken. We bepaalden de activiteit van de AR, ER, PI3K, HH, TGF-β
en Wnt STPs in primaire tumorsamples van 85 patiënten met een FIGO IIIC of IV HGSC
én een ziektevrije overleving onder de 12 (n=52) of boven de 24 maanden (n=33).
Er waren geen significante verschillen in mediane STP activiteit tussen patiënten
met een lange of korte ziektevrije overleving. In univariate Cox proportional hazards
analyse vonden we dat ER STP-activiteit gerelateerd was aan langere ziektevrije en
totale overleving, maar alleen in postmenopauzale vrouwen (p=0.033 en p=0.041
respectievelijk). Survival analyse liet zien dat postmenopauzale vrouwen met een ER
STP-activiteit in het laagste kwartiel een kortere ziektevrije en totale overleving hadden
(log-rank p=0.006 en p<0.001, respectievelijk). Concluderend vonden we dat lage ER
STP-activiteit geassocieerd was met een slechtere overleving in postmenopauzale
vrouwen.
In Hoofdstuk 10 bespreken we onze bevindingen, plaatsen we deze in de context van
eerder onderzoek op dit gebied en geven we advies ten aanzien van de kliniek, beleid
en vervolgonderzoek.
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Data Research Management Plan
Part of the data described in this thesis result from human studies. These studies
were conducted in accordance with the Declaration of Helsinki and the guideline of
Good Clinical Practice. Ethical approval was sought from the medical and ethical review
board Committee on Research Involving Human Subjects Region Arnhem Nijmegen,
Nijmegen, the Netherlands for Chapter 6 and Chapter 7. For Chapter 3, Chapter 8
and Chapter 9, the Medical research Ethics Committees United (MEC-U) was consulted.
All collected informed consent forms for patients have been signed in duplicate, one to
remain with the patient and one to be stored securely at the treating facility. All collected
informed consent forms for healthcare professionals have been signed in duplicate, one
to remain with the healthcare professional and one to be archived at the obstetrics and
gynaecology research archive (Radboud University Medical Center, room M325.01.204,
filing cabinet 12). All collected data was handled and stored confidentially, in compliance
with the General Data Protection regulation (in Dutch: de Algemene Verordening
Gegevensbescherming; AVG). Code list were stored securely and separately from the
database files. The data for Chapter 5 are stored on the Radboudumc department
server: (H:) VERLGYNdata$(\\UMCfs049) under Onderzoek\ONCO-TUBA, Chapter 3,
Chapter 4, Chapter 6 and Chapter 7 are stored under Onderzoek\ONCO-STOPOVCA
and Chapter 8 and Chapter 9 under Onderzoek\ONCO-STA OVCA. Data are stored
in the Digital Research Environment (DRE) and the databases used in Chapter 8 are
available through the public functional genomics data repository GEO (Gene Expression
Omnibus). All datasets used in this thesis are available for the associated corresponding
author on reasonable request.
Data will be stored for 15 years following the termination of each project. Use of patient
data for future research is only possible after renewed consent, and only for patient
who have not objected to being approached in the future.
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Conclusion

We objectified current care
regarding OS in the
Netherlands and identified
influencing factors on
different levels to raise
awareness and attribute to
development of a specific
implementation strategy
Figure 1. Current practice of gynaecologists and trainees in the Netherlands
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Beste lezer,
Hartelijk dank voor je tijd en interesse! Het schrijven van dit proefschrift zou niet
mogelijk zijn geweest zonder de tijd, expertise en medewerking van een groot
aantal mensen. Ik wil hen allen bijzonder bedanken en hoop dat zij, net als ik, trots
zijn op het resultaat. Er zijn een aantal mensen die ik graag in het bijzonder wil
benoemen.
Als eerste dank aan alle patiënten en medisch professionals voor hun deelname aan
onderzoek, zonder jullie bestond de medische wetenschap slechts uit goede ideeën
en zag onze hedendaagse zorg er heel anders uit. Ik hoop dat we in de toekomst
kunnen blijven samenwerken om net weer een stapje verder te komen.
Geachte dr. de Hullu, beste Joanne, dank voor je fijne, persoonlijke begeleiding in
de afgelopen jaren. Als ik vast liep met het onderzoek dan wist ik dat ik na onze
volgende meeting weer vol ideeën zou zitten. Het is fijn een promotor te hebben die
kijkt naar wat bij je past, en om de ruimte te krijgen om zelf een richting te kiezen.
Geachte dr. Piek, beste Jurgen, zonder jou had dit boekje hier niet gelegen. Hoewel
ik in eerste instantie stiekem een beetje opzag tegen mijn wetenschapsstage, werd
ik al snel aangestoken door je enthousiasme en het resultaat mag er wezen! Dank
voor je motiverende woorden, maar ook voor je geduld als ik zelf nog wat extra
wilde uitzoeken.
Geachte dr. Hermens, beste Rosella, wat was ik blij met je hulp toen ik kennis maakte
met kwalitatief onderzoek! Door je kunde en bemoedigende woorden had ik na
onze meetings altijd een goed gevoel en zat ik vol nieuwe plannen. Bedankt voor
je betrokkenheid en voor je oog voor de persoon achter je onderzoekers.
Leden van de manuscriptcommissie, prof. van Laarhoven, prof. van Herpen en prof.
Zweemer, dank voor jullie betrokkenheid bij de goedkeuring van het manuscript.
Zonder u was dit boekje niet mogelijk geweest.
Geachte prof. Bekkers, beste Ruud, ik heb veel geleerd van je advies en
doortastendheid tijdens onze overlegmomenten voor de OCASE en STA studies.
Geachte prof. Massuger, beste Leon, ik wil je bedanken voor de kans die ik heb
gekregen met mijn promotietraject als samenwerking tussen het Radboudumc en
het Catharina ziekenhuis. Ik ben trots op het resultaat van de meetings waarin we
deze thesis in de beginfase vorm hebben gegeven.
Geachte leden van Olijf en de Patient advisory board van het researchthema
Womens cancers, ik wil u allen hartelijk danken voor uw tijd en inzet voor het
ontwikkelen van de implementatiestrategie voor de opportunistische salpingectomie
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(STOPOVCA). Arlette van der Kolk, Janna Roozendaal en Nicoline Soede, jullie wil
ik in het bijzonder bedanken voor de vele inzichten die ik heb opgedaan tijdens de
stuurgroep bijeenkomsten.
Team van Molecular Pathway Diagnostics, jullie dank ik voor het enthousiasme en
expertise tijdens de vele STA-meetings op de vrijdagmiddag. Het resultaat dat we hebben
neergezet in hoofdstuk 8 en 9 is hopelijk nog maar het begin van de mogelijkheden op
het gebied van ovarium carcinomen. Anja, bedankt voor al je hulp. Je onuitputtelijke
ideeën en inzicht in de pathofysiologische mechanismen hebben me door de vele
analyses heen geholpen.
Team van ZorgKeuzeLab, en in het bijzonder Regina en Klemens, ik heb tijdens onze
meetings veel van jullie geleerd. Niet alleen over het ontwikkelen van keuzehulpen,
maar ook over het belang van communicatie in het algemeen. Ik zie uit naar de
evaluatie van de keuzehulp 'Eileiders weghalen' in de praktijk.
Lieve Evelien en Mariska, dank jullie wel voor de prachtige vormgeving van dit boekje.
Spannend om te zien hoe het werk vorm krijgt. Ik ben echt heel blij met het eindresultaat.
Lieve collega’s uit de onderzoekstuin, ik wist al dat het een ongekende luxe was
om als onderzoeker te mogen werken in een kantoortuin vol gezellige mensen en
Dat gevoel werd extra bevestigd toen we plots vanuit huis moesten gaan werken. Ik
heb jullie humor, slechte onderzoeksgrappen en gedeelde kennis gemist die laatste
maanden. Gelukkig gaan we elkaar ongetwijfeld nog vaak tegenkomen.
Lieve Malou (/dakpan/dakgoot), ik ben blij dat ik een deel van de onderzoeken in dit
proefschrift met je heb kunnen delen. Niks fijner dan kwalitatief onderzoek doen
met iemand van wie het brein min of meer op dezelfde manier werkt, STOPOVCA
is bij jou in goede handen.
Lieve Lotte en Roos, de coronacrisis heeft natuurlijk ook iets heel leuks voortgebracht.
Toen we opeens vanuit huis moesten werken, was er niks zo leuk als jullie vele
berichtjes lezen. Ik ben blij dat ik jullie beter heb leren kennen en we zo ontdekt
hebben dat we alle drie dezelfde vreemde humor hebben.
Lieve Kelly, dit hele proefschrift is begonnen met de vele uurtjes die we samen in
het onderzoekshok hebben doorgebracht. Ik heb nog veel goede herinneringen aan
eindeloze cappuccino’s en de dag relaxed starten met een leuke serie.
Lieve Phyllis, Floor, Lindi en Daniël, wat hebben we gelachen in de backoffice met
zijn vijven. Wat bedoeld was als 'werkhok voor studenten' werd door de nogal
explosieve mix aan mensen nogal eens een circus. Nu het weer kan is het snel tijd
voor een borrel.
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Lieve Sterre, ik ben blij dat ik het ziekenhuisleven met je kan delen (ook al moet dat
dan op de fiets..) en dat ik naast veel ervaring ook een vriendin aan het JBZ heb
overgehouden. Ik weet zeker dat je harde werk iets moois gaat opleveren.
Lieve (oud) collega’s van het Jeroen Bosch Ziekenhuis, bedankt voor de fijne
kennismaking met het gynaecologisch vak. Ik heb veel bij jullie mogen leren en hoop
dat we elkaar in de toekomst weer gaan tegenkomen.
Lieve collega’s van het Catharina ziekenhuis, het is een feestje om mijn opleidingte
mogen starten in het ziekenhuis waar ik zo’n groot deel van mijn tijd als coassistent,
semi-arts en onderzoeker heb mogen doorbrengen. Ik zie uit naar alles wat ik van jullie
kan leren.
Lieve Marlous, ik denk met veel plezier terug aan de vele avonden die we samen
hebben doorgebracht in Maastricht. Van eindeloze studie weken tot het digitaliseren
van stambomen, we maakten er altijd een feestje van. En als we het allemaal eens wel
te serieus namen waren Rolf en Alex er altijd om ons mee de kroeg in te nemen. Ik ben
blij dat ik alle mooie momenten met jullie en Paul, Beau en Do kan delen.
Lieve Ellen, Inge, Lisanne, Clémence en Rochelle, in al die jaren zijn onze levens allemaal
een verschillende kant op gegaan maar als we elkaar zien is het alsof er niet zoveel
veranderd is sinds we zestien waren. We weten elkaar altijd te vinden als het nodig is,
en ik ben benieuwd waar we nog allemaal terecht gaan komen.
Paranimfen, wat ben ik blij dat ik 17 mei met jullie kan delen. Lieve Judith, mijn
promotietraject heeft naast dit proefschrift ook een fijne vriendschap met jou
opgeleverd. Ik bent trots op hoe je kiest voor wat voor jou belangrijk is in het leven. Lieve
Liske, als ik met jou ben is het altijd chaos, en altijd genieten. Ik ben blij een vriendin te
hebben waar ik alle uitersten mee kan delen, en ik ben trots op wat je allemaal doet.
Lieve Familie Heemskerk, bedankt voor jullie steun over de afgelopen jaren en voor
de leuke momenten die we met elkaar hebben mogen delen. Lieve oma, van jou heb
ik geleerd om plezier te halen uit het zorgen voor anderen. Ik ben er trots op om jouw
kleindochter te zijn.
Lieve mam en pap, dit boekje was er nooit gekomen zonder het doorzettingsvermogen
dat jullie me hebben meegeven. Ik mocht alles proberen, maar dan moest ik het ook
afmaken. De liefde voor wetenschap die er uiteindelijk bleek te zijn komt natuurlijk niet
van een vreemde. Pap, van jou heb ik meegekregen om geen genoegen te nemen half
werk en om altijd te blijven leren. Mam, bij jou kan ik altijd terecht als ik even wil klagen,
of juist gezellig samen iets leuks wil doen. Lieve Mike, ik ben blij jouw zusje te zijn. Ik
weet dat ik altijd bij jou terecht kan als dat nodig is, maar ook om lekker samen de
hele avond over niks te praten. Lieve Lisette, ik hoop dat we nog veel leuke momenten
kunnen delen. Ik hou van jullie.
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Lieve Bart, de laatste woorden in dit boekje zijn voor jou. Ik ben blij dat ik mijn leven
met jou mag delen en dat je er altijd voor me bent, ongeacht van waar ik me op dat
moment weer op gestort heb. Ik ben benieuwd wat we allemaal gaan tegenkomen nu
dit hoofdstuk is afgesloten. Zolang we het samen doen, komt het in ieder geval allemaal
goed. Ik hou van je.
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