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Sinds eind 2019 is de richtlijn van het colorectaal carcinoom zodanig gewijzigd dat - in een 
gedeelde besluitvorming - een preventieve adnexextirpatie, samen met een electieve resectie 
van het coloncarcinoom zou kunnen worden besproken. Deze gedeelde besluitvorming is 
volgens de richtlijn van toepassing bij patiënten met een postmenopauzale status of bij hoog 
risicogroepen (erfelijke predispositie zoals bij een BRCA- of MSH2-mutatie). Een dergelijke 
preventieve resectie kan bij deze groep patiënten overwogen worden ter preventie van 
ovariële metastasen én ter preventie van het (veel zeldzamere) primair ovariumcarcinoom. 
 
De ROMIC informatiemodule 
 
De ROMIC informatiemodule is in een aantal ziekenhuizen nu standaard onderdeel van het 
zorgpad colorectaal carcinoom en wordt aangeboden bij postmenopauzale vrouwen (60 jaar 
en ouder). Enkele andere ziekenhuizen overwegen momenteel ook om hun zorgpad aan te 
passen en hiermee te starten. Hieronder een overzicht van deze centra (per eind 2022). 
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Bezig met implementatie: 
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Proefschrift Richard van der Meer 
 
Richard begon in 2019 als arts-onderzoeker naar de rol van ovariële metastasen van het 
colorectaal carcinoom onder leiding van Dr. Roumen, Prof. de Hingh (Catharina Ziekenhuis 
Eindhoven) en Dr. van Erning (IKNL Eindhoven). Op dit moment ligt zijn proefschrift bij de 
leescommissie. In afwachting van hun oordeel begint Richard in januari 2023 als AIOS 
anesthesiologie in het Radboud UMC te Nijmegen. 
 
 
 
 



Hieronder de inhoud van zijn thesis: 
 
ROMIC: Studies on the Role of Ovarian Metastases In Colorectal cancer 
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 Incidence, risk factors, treatment, and survival of ovarian metastases of colorectal 
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stage IV colorectal cancer: impact of synchronous ovarian metastases (gepubliceerd in 
IJC, 2022) 
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 Biomarker concordance between colorectal cancer and ovarian metastases: a Dutch 
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 Salpingo-oophorectomy to prevent ovarian metastasis in women suffering from 
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Eva2ROMIC 
 
Wij willen op de lange termijn een evaluatie van het aangepaste zorgpad doen, waarbij wij de 
patiënten met een preventieve adnexextirpatie zullen vergelijken met de patiënten die een 
dergelijke aanvullende resectie niet hebben gehad. Wij zullen dan met name kijken naar het 
verschil in recidieven en de daarbij behorende behandelingen en gevolgen, het zogenaamde 
number needed to treat (NNTT), (ziektevrije- en totale-), overleving en het ontwikkelen van 
primair ovariumcarcinoom. Dit onderzoeksprotocol is recent gepubliceerd. 
 
NB: Het is dus erg belangrijk om beide patiëntengroepen (ook diegenen die geen 
adnexextirpatie wensen) bij te houden, omdat we anders een controlegroep missen! Dus 
ook de 8 OK vragen. 



Wij zijn in het Maxima MC, Catharina Ziekenhuis, Dijklander, Ikazia, Sint Jans Gasthuis, Albert 
Schweitzer en Zaans MC reeds gestart met deze evaluatiestudie. Dit houdt in dat we 
gepseudonimiseerde gegevens van patiënten die de ROMIC informatiemodule hebben 
ontvangen invoeren in Researchmanager. Momenteel zijn we bezig met het verkrijgen van de 
goedkeuring lokale uitvoerbaarheid voor de Eva2ROMIC in andere centra die de ROMIC 
informatiemodule aanbieden. 
 
In de bijlage staat een overzicht van de data welke we verzamelen voor de Eva2ROMIC studie 
en het bijbehorende gepubliceerde protocol. 
 
Komende periode 
 
Wij hopen dat steeds meer centra geïnteresseerd zijn in bovenstaande aanpak van het 
colorectale zorgpad. Wij blijven nieuwe centra benaderen over de ROMIC informatiemodule 
en de daarbij behorende aanpassing in het zorgpad. Indien formele goedkeuring verkregen is 
om data te verzamelen in Researchmanager voor de evaluatie, zullen we de betreffende 
centra daarover benaderen. 
 
Op dit moment analyseren wij de eerste 100 patiënten bij wie de adnexen zijn verwijderd. Wij 
vragen daarbij de afdeling pathologie om immuunhistochemie op vijf secties te doen en te 
beoordelen of er micrometastasering aanwezig is. Dit is duur onderzoek, waarvoor we 
gelukkig een subsidie hebben ontvangen. Op basis van de macroscopie kunnen we nu al 
vaststellen dat er twee keer een metastase van CRC is gevonden, twee keer bij toeval een 
ovarium carcinoom (niet macro gezien), een keer een Leydigcel hyperplasie, een keer een 
matuur teratoom met neuroendocriene tumor en enkele benigne cystadenomen. De uitslagen 
van aanvullende microscopie volgen in een latere nieuwsbrief. 
 
 
Indien u geïnteresseerd bent, of als u hulp nodig heeft bij de implementatie van de 
informatiemodule, kunt u onze website https://romic.surgery/ bezoeken en/of een mail 
sturen naar ROMIC.resurge@mmc.nl of naar één van onderstaanden.   
 
 
Met vriendelijke groet, 
 
 
Margot Heijmans 
Researchcoördinator  
e-mail: margot.heijmans@mmc.nl 
 
Richard van der Meer 
Arts-onderzoeker 
e-mail: richard.van.der.meer@mmc.nl  
 
Rudi Roumen 
Chirurg 
e-mail: r.roumen@mmc.nl 



Bijlage: Eva2ROMIC data invoer in Researchmanager voor alle vrouwen welke de ROMIC 
informatiemodule hebben ontvangen 
 
Uitkomstmaten baseline: 

 Infomatiemodule preventieve adnexextirpatie ontvangen 

 Toestemming voor gebruik data 

 Leeftijd ten tijde van OK 

 ASA classificatie 

 Comorbiditeiten 

 Lengte ten tijde van OK 

 Gewicht ten tijde van OK 

 Kwaliteit van leven vragenlijsten (EORT QLQ-C30 en EORT QLQ-CR29 indien beschikbaar pre-
operatief) 

 Eerder een ovariëctomie gehad 

 Keuze voor PSO 

 Neo-adjuvante therapie 
OK en uitkomstmaten ≤ 1 maand 

 Datum operatie 

 Operatieduur 

 Aanvullende 8 OK vragen (ingevuld door arts tijdens OK) 
o Conversie bij laparoscopie 
o Inspectie abdomen normaal 
o Complicatie peroperatief darmresectie 
o Inspectie ovarium/tuba links normaal 
o Inspectie ovarium/tuba rechts normaal 
o Salpingo-overiectomie tijdens OK en eventuele extra tijdsduur in minuten 
o Complicatie van PSO 
o Overige aanvullende resectie  

 Opnameduur 

 Clavien-Dindo classificatie 

 PA-uitslag 
o Type resectie 
o Type ingreep 
o Dubbeltumor 
o T-stadium 
o N-stadium 
o M-stadium 
o PA adnex links 
o PA adnex rechts 
o PA verslag tekst (conclusie) 

Follow-up 

 Adjuvante therapie 

 Revisie keuze 

 Ovariële maligniteit binnen 3 jaar 

 Andere maligniteit binnen 3 jaar 

 Abdominale chirurge ≤3 jaar na colorectale resectie in verband met complicaties 

 In leven 3 jaar na OK 

 In leven 5 jaar na OK 

 Laatste follow-up datum 

 Kwaliteit van leven vragenlijsten (EORT QLQ-C30 en EORT QLQ-CR29 indien beschikbaar 3 
maanden postoperatief, 1 jaar postoperatief, 2 jaar postoperatief, 3 jaar postoperatief) 
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STUDY PROTOCOL

Role Of Ovarian Metastases In Colorectal 
Cancer (ROMIC): a Dutch study protocol 
to evaluate the effect of prophylactic 
salpingo-oophorectomy in postmenopausal 
women
R. Van der Meer1*  , I. H. J. T. de Hingh2,3  , J. G. Bloemen2, L. Janssen1 and R. M. H. Roumen1,3 

Abstract 

Background: The mean incidence of ovarian metastases (OM) in patients with colorectal cancer (CRC) is 3.4%. The 
5-year survival of these patients, even when operated with curative intent, is remarkably low. The lifetime risk of ovar-
ian cancer is approximately 1.3%. Prophylactic salpingo-oophorectomy (PSO, or surgical removal of the ovaries and 
fallopian tubes) could reduce the number of CRC patients that develop OM after removal of the primary tumor, as 
well as preventing the occurrence of primary ovarian cancer. Recently, the care pathway for CRC has been changed 
in several hospitals in line with the updated Dutch guideline. The possibility of PSO is now discussed with postmeno-
pausal CRC patients in these hospitals. The aims of the current study are firstly to estimate the incidence of OM and 
primary ovarian cancer in postmenopausal patients with CRC, and secondly to evaluate the effect of PSO in these 
patients.

Methods: An information bulletin and decision guide on this topic was implemented in several Dutch hospitals 
in 2020. Post-decision outcomes will be collected prospectively. The study population consists of postmenopausal 
(≥ 60 years of age) patients that are operated with curative intent for CRC. Based on their own preference, patients will 
be divided into two groups: those who choose to undergo PSO and those who do not. The main study parameters 
are the reduction in incidence of ovarian malignancies (metastatic or primary) following PSO, and the number needed 
to treat (NNT) by PSO to prevent one case of ovarian malignancy.

Discussion: This will be the first study to evaluate the effect of PSO in postmenopausal CRC patients that is facilitated 
by an altered CRC care pathway. The results of this study are expected to provide relevant information on whether 
PSO adds significant value to postmenopausal patients with CRC.

Trial registration: International Clinical Trials Registry Platform, NL7870. Registered on 2019 July 12. URL of trial regis-
try record: https:// trial search. who. int/ Trial2. aspx? Trial ID= NL7870.

Protocol version: 1.0, date 2021 June 8. 
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other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
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Introduction
Intra-abdominal relapse of colorectal cancer (CRC), 
including ovarian metastases (OM), is a serious event 
leading to high morbidity and mortality and to a sig-
nificant loss in quality of life [1, 2]. For CRC patients 
with OM, including those who are operated with cura-
tive intent, the reported median survival is between 
12–18  months [1, 3–5] and the 5-year survival rate is 
about 12–27% [2, 6–10].

Occurrence of ovarian metastases
The risk of developing OM in patients with CRC has 
been reported as between 1–8% [1, 3–5, 8, 11–16], 
with postmortem studies showing a higher incidence 
of 5–10% [2]. Review of the literature by Pitt et al. [17] 
revealed the mean risk for development of synchronous 
and metachronous OM is 3.4%. The risk of developing 
OM is considerably higher in young or premenopausal 
patients, with a mean incidence of 5% (range 3 to 50%) 
[1, 7, 12, 18–21]. 

Guideline, evidence for prophylactic surgery, and current 
practice
The Dutch guideline for CRC management was updated 
in 2019 and includes discussing the role of prophylac-
tic salpingo-oophorectomy (PSO) to reduce the risk of 
developing OM and primary ovarian cancer in post-
menopausal patients [22].

To date, only one randomized controlled study 
(n = 155) has investigated the impact of prophylactic 
surgery by randomizing patients into one of two groups: 
prophylactic oophorectomy or non-oophorectomy [11]. 
This study found no significant difference between the 
two groups in terms of disease-free survival at 5 years: 
78% for the prophylactic oophorectomy group versus 
68% for the non-oophorectomy group (p = 0.16). Fur-
thermore, no significant difference in overall survival 
was found between the two groups (p = 0.79). However, 
the statistical power of this study was quite low and 
hence no firm conclusions could be drawn.

In accordance with the updated Dutch guideline, PSO is 
now regularly discussed with postmenopausal (≥ 60 years 
of age) CRC patients in several Dutch hospitals.

Consequences of PSO
The removal of ovaries in postmenopausal patients can 
affect the hormone balance. Following oophorectomy, 

the concentrations of androstenedione and testosterone 
decrease by 50%, but this does not lead to significant clin-
ical complaints [23, 24]. A recent study showed that post-
menopausal status was a risk factor for the development 
of CRC and adenomas, due mainly to the production of 
androgens by the ovaries [25]. This hormonal influence 
may be the reason why CRC is more prevalent in males, 
with a male-to-female incidence ratio of 4:3 [26].

The removal of ovaries in postmenopausal patients has 
several potential disadvantages:

1) introduction of extra risk during operation, includ-
ing bleeding or damage to nearby structures such as 
ureters. However, this risk appears to be low accord-
ing to a number of mainly gynecological-focused 
studies [27–29],
2) decreased satisfaction with sexual functioning [30].

Proposed benefits of PSO include [31]:

1) resection of microscopic ovarian metastases,
2) reduced risk of disease recurrence,
3) prevention of primary ovarian cancer, which has 
a lifetime risk of approximately 1.3% in the general 
population [32].

Explanation for the choice of comparators and efficacy 
of PSO
The primary goal of implementing PSO is to improve 
the health of individual women by preventing the devel-
opment of ovarian malignancies (primary or meta-
static), thus improving disease-free survival, preventing 
additional treatment-related morbidity, and ultimately 
improving overall survival. As such, PSO could poten-
tially be a cost-effective procedure, especially from an 
oncological point of view [26].

Fear of cancer recurrence is an important issue for 
CRC survivors [33]. A patients’ ability to choose addi-
tional prophylactic surgery could be helpful in reducing 
their fear, since the risk of subsequent metastatic or pri-
mary ovarian cancer is removed. Moreover, this supports 
the practice of “shared decision making”. Beginning in 
2020, counseling for PSO (preference of “yes” or “no” to 
PSO) started to be implemented in the CRC care path-
way in several Dutch hospitals. Consequently, the impact 
of PSO can be prospectively evaluated.

Keywords: Colorectal cancer (CRC), Prophylactic salpingo-oophorectomy (PSO), Survival, Number needed to treat, 
Study protocol
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Protocol items
The protocol has been written following the Standard 
Protocol Items: Recommendations for Interventional Tri-
als (SPIRIT) guidance [34]

Objectives and outcomes (Table 1)

Primary objective
The main aim of this study is to determine whether pro-
phylactic bilateral salpingo-oophorectomy conducted in 
postmenopausal patients aged ≥60 years during surgery 
for primary CRC reduces the incidence of ovarian malig-
nancies (metastatic or primary) during a three-year fol-
low-up period. Moreover, this study will provide the data 
necessary to calculate the number needed to treat (NNT) 
in order to prevent one case of ovarian cancer (metastatic 
or primary).

Secondary objectives

• What is the effect of PSO on disease-free survival 
(DFS) after 3-years of follow-up? What is the con-

comitant NNT to gain one year of DFS, according to 
the method of Lubsen et al. [35]?
• What is the effect of PSO on surgery-related mor-
bidity?
• In the non-PSO group, what is the incidence and 
pattern of intra-abdominal relapse, including CRC 
ovarian metastases and primary ovarian cancer, 
requiring renewed surgical intervention?
• During primary surgery, how often are abnormal 
ovaries found that require resection?
• What is the incidence of (micro)metastatic disease 
in the ovaries of patients with primary CRC?
• What is the effect of PSO on quality of life as 
assessed using health-related quality of life (HRQL) 
questionnaires, and effects such as surgery for 
abdominal adhesions occurring within 3 years?
• What is the effect of PSO on 5-year overall  sur-
vival?
• What is the percentage of patients who have a 
preference for PSO (or no PSO) when scheduled 
for surgery for primary CRC? Within 3 years of 
their index surgery, how many patients revise 

Table 1 Primary and secondary outcomes of the study

NNT Number needed to treat, DFS Disease free survival, SUM Single Usability Metric, OS Overall survival, PSO Prophylactic salpingo-oophorectomy, EORT QLQ 
European Organization for Research and Treatment of Cancer European Union Quality of Life Questionnaire

Outcome Metric Time point/period

Primary
 Occurrence of ovarian cancer (primary or metastatic) Incidence 36 months

 Number needed to treat to prevent one case of ovarian cancer (primary or metastatic) NNT 36 months

Secondary
 Disease-free survival DFS 36 months

 Number needed to treat with PSO to prevent one case of ovarian cancer  
     (primary or metastatic)

NNT 36 months

 Surgery-related morbidity of PSO Number 36 months

 Subsequent intra-abdominal relapse pattern in the non-PSO group Number 36 months

 Abnormal ovaries found during surgery Number During surgery

 Incidence of ovarian (micro)metastatic disease Incidence 36 months

 Quality of life (EORT QLQ-C30 and EORTC QLQ-CR29) SUM score Baseline, 3-, 12-, 24- and 36 months

 Repeat surgery for complications (i.e. adhesions) Numbers 36 months

 Long-term overall survival OS in days 60 months

 Preference for PSO Numbers 36 months

 Reversal of decision Numbers 36 months

 Baseline characteristics Numbers Before surgery

Other parameters
 Type of surgery Number per type of surgery During surgery

 Operation duration Minutes During surgery

 Blood loss Milliliters During surgery

 Pre- and postoperative treatment strategies Number per type of treat-
ment strategy

Before surgery and 36 months
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their initial decision of no PSO and subsequently 
undergo PSO?
• Are there differences in the baseline characteris-
tics between patients who choose PSO compared to 
those who do not? (The baseline patient character-
istics include age, ASA-classification, BMI, previous 
unilateral oophorectomy, comorbidities, and neo-
adjuvant therapy (Table 2))

Other study parameters
Other information will be collected on the type of sur-
gery (colon vs rectum, laparoscopic vs open), operative 
duration, intraoperative blood loss, adjuvant treatment 
strategies, and pTNM classification. Preoperative data 
are collected during admission to the surgical and/or 
gynecology department. Data collected during opera-
tion is noted in the operative report. Quality of life after 

the operation is evaluated by questionnaires (part of the 
standard follow-up / value-based healthcare) given at 
3 months and at 1-, 2- and 3-year(s) after surgery. Data 
collection is performed centrally.

Methods/design
This prospective, observational cohort study will evaluate 
short- and long-term effects in post-menopausal patients 
given the choice to undergo PSO or not during surgery 
for CRC. As such, two separate cohorts are studied based 
on the patient’s preference. Cohort 1 includes all patients 
who had PSO, while cohort 2 includes all patients 
who did not choose PSO. All patients are followed up 
prospectively.

Current practice and study setting
In 2020 an information bulletin and decision guide 
(Additional file 1) on PSO was implemented in several 
Dutch hospitals for female patients ≥ 60 years of age. In 
patients that opted for PSO, prophylactic surgery dur-
ing CRC will be performed by surgeons, gynecologists, 
or both (depending on the surgeons’ experience and 
local hospital policies).

Post-decision outcomes are collected prospectively 
with standardized variables and data are stored in elec-
tronic patient files. These variables will be used for vari-
ous statistical analyses and will provide evidence as to 
whether or not PSO adds significant value to postmeno-
pausal CRC patients.

The following website lists all hospitals that contrib-
uted patients to this study: https:// romic. surge ry/ zieke 
nhuiz en/.

Study population and eligibility criteria
All female patients with CRC who received the infor-
mation bulletin and decision guide and who signed 
informed consent (IC) for use of follow-up data are 
included in this study cohort. Patients are also included 
when they answered positively to the ‘opt-in’ question 
for research and education within their electronic health 
record. Figure  1 shows schematic representation of the 
study cohort.

Inclusion criteria

• Female sex
• Age ≥60 years at the time of CRC diagnosis
• Intended curative resection of colon or rec-
tal cancer, with no evidence of incurable distant 
metastases

Table 2 Baseline characteristics of study patients

SD standard deviation, IQR interquartile range, y year, ASA American society of 
anesthesiologists, no number, BMI body mass index, GFR glomerular filtration 
rate

Baseline characteristic PSO Non-PSO

Age, mean (SD) or median (IQR), years

 ASA classification, No. (%)

 ASA-1

 ASA-2

 ASA-3

 ASA-4

BMI, mean (SD), median (IQR), kg/m2

 Previous (unilateral) oophorectomy

 Yes, unilateral

 Yes, bilateral

 No

Comorbidities, No. (%)

Smoking (yes/no)

Chronic pulmonary disease (yes/no)

Hypertension (yes/no)

Diabetes mellitus (yes/no)

Myocardial infarction (yes/no)

Transient ischemic attack (yes/no)

Cerebral vascular accident (yes/no)

Central arterial disease (yes/no)

Peripheral arterial disease (yes/no)

Severe kidney disease (GFR < 30 mg/mmol) 
(yes/no)

Neo-adjuvant therapy

 No

 Yes, chemotherapy

 Yes, radiotherapy

 Yes, chemoradiotherapy
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• Informed consent (Additional file 2) or consent by 
opt-in form (for research and education)

Exclusion criteria

• No signed informed consent and no consent by 
opt-in form (for research and education)
• Surgery with palliative intent
• Known distant metastases preoperatively, or evi-
dence of distant or intraperitoneal metastases during 
operation, except when curative metastasectomy is 
considered possible (e.g. for hepatic metastases)

Who will obtain informed consent and how
Written, informed consent to participate will be obtained 
from all participants or, in cases where a positive answer 
for opt-in (for research and education) exists, data can be 
used without a written informed consent form. Research-
ers, registration officers, case managers and/or surgeons 
will obtain the informed consent.

Additional consent provisions for collection and use 
of participant data and biological specimens
Not applicable.

Intervention description
This study protocol is not designed for the implementa-
tion of a procedure. However, it will be used to evalu-
ate the effect of an existing procedure implemented in 
the local CRC pathway as follows: PSO vs. non-PSO in 
a female population with CRC. The following items are 
therefore not applicable: criteria for discontinuing or 
modifying allocated interventions, strategies to improve 
adherence to interventions, relevant concomitant care 
permitted or prohibited during the trial and provisions 
for post-trial care.

Randomization, blinding and treatment allocation
Because this study will evaluate the effects of PSO that 
are facilitated by an altered CRC care pathway, rand-
omization and blinding are not applicable. The two 
different patient groups are formed based on patient 
preferences.

Study procedures
Complications will be scored according to the Clavien-
Dindo classification [36, 37]. Furthermore, the Com-
prehensive Complication Index [38] is a composite 
score that summarizes the patients’ postoperative well-
being regarding complications based on the Clavien-
Dindo classification. Both scores will be determined 
after surgery.

Fig. 1 Schematic representation of the cohort. PSO = prophylactic salpingo-oophorectomy
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Health-related quality of life (HRQL) will be measured 
using EORTC QLQ-C30 for cancer patients in general, 
and EORTC QLQ-CR29 specifically for CRC patients. The 
outcomes will be measured at baseline, at 3 months, and at 
1-, 2-, and 3-year(s) after surgery. Differences in outcomes 
between the two groups will be analyzed statistically.

Participant timeline
Patients in this study will be enrolled during the period 
from 07/01/2020 to 07/01/2025. The follow-up period 
will be 5 years. When a patient withdraws from the study, 
only the data collected until that time will be used.

Sample size
The primary study outcome is the occurrence of either 
CRC metastases in the ovaries or primary ovarian can-
cer within 3  years after resection of the (primary) colo-
rectal tumor. Based on previous studies, we assume the 
incidence of synchronous and metachronous colorectal 
metastases in the ovaries will be 2.0% during the follow-
up period [15, 17, 21]. The incidence of primary ovarian 
cancer is expected to be 0.1% in this period [39]. This 
gives an overall incidence of 2.1% in cases where PSO is 
not performed (non-PSO group).

Following PSO, colorectal tumors can no longer metas-
tasize to the ovaries, while the incidence of primary ovar-
ian malignancy should presumably be 0% (PSO group). 
However, a small risk of primary ovarian malignancy still 
exists after PSO due to the development of ‘ovarian rem-
nant syndrome’ (ORS) [40–42]. This risk is estimated to 
be approximately 0.01% for the PSO group.

Based on these assumptions and an alfa of 0.05 with 
power of 80%, a sample size calculation was performed 
using an online sample size calculator for comparison 
of two proportions [43]. This gave a sample size of 371 
patients per group, or 742 in total.

Since all eligible patients are not randomized, it is 
necessary to correct for possible confounders. Accord-
ing to the one-in-ten rule, at least 10 events (of ovarian 
malignancies) are needed per factor studied in order to 
achieve sufficient statistical power [44]. Besides PSO, 
correction will also be made for age as another possible 
confounder.

Based on current clinical practice, we estimate that 
about half of all postmenopausal CRC patients undergo 
PSO during resection of their colorectal tumor. There-
fore, we expect the two study groups to be approximately 
equal in size. The estimated incidence of ovarian malig-
nancies in the total study population will thus be 1.055% 
(average of 2.1% and 0.01%), thus requiring a sample size 
of at least 1896 patients (20/0.01055).

Finally, after taking into account a dropout rate of 5%, 
at least 1996 patients should be recruited into the study.

Recruitment
Consecutive CRC patients will be checked for eligibil-
ity by their surgeons once they are scheduled for tumor 
resection surgery. Either the surgeon or the case manager 
(depending on local logistics) will inform eligible patients 
about the study at their next visit to the outpatient clinic 
and provide them with written information. All patients 
will receive the same written information on the specific 
issues concerning the study.

Written informed consent for inclusion in follow-up 
will then be sought from the patient by the involved 
surgeon or case manager. After informed consent is 
given, patients are registered with a code (no per-
sonal identifiers) in an online case record form using 
Research Manager [45].

Data collection and management
Plans for assessment and collection of the outcomes
Standardized variables used in the pre-operative records 
and standardized items during surgery will be used to 
record the outcomes. An electronic data collection form 
will be used to capture the information. Participants will 
be followed up at 3  months and at 1-, 2-, and 3  year(s) 
after surgery. At each follow-up time, the physician will 
note whether complications (within ≤ 3  months postop-
eratively) or recurrent disease have occurred.

Plans to promote participant retention and to complete 
follow‑up
There are no additional strategies to promote participant 
retention since follow-up is the standard of care. In cases 
where the participant withdraws informed consent, only 
previously collected data will be used for this study.

Data management
Data will be managed by local investigators and local data 
managers, and local supporting researchers/research 
assistants. using the online data management system 
‘Research Manager’ [45]. Each patient receives a unique 
study number generated by the data management system. 
The study number is linked to patient details and is stored 
in a password-secured file that can only be accessed by 
the research investigators.

Confidentiality
All analyses of study data during the trial period will 
be carried out in compliance with the relevant regula-
tions for data protection. Personal identifiers will be 
replaced by a study number generated in ‘Research Man-
ager’. The study data is only accessible by the investiga-
tors. Research data that needs to be taken away from the 
research center will not contain any personal information 
of the participants. If necessary, government regulatory 
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authorities or ethics committees may access patient data 
from the study. At the end of the trial, permission from 
the participants for further storage or for the use of any 
specimens is already available, since this is included in 
the signed informed consent form (Additional file  2). 
Finally, the study results will be published with non-iden-
tifiable personal data once the trial has ended.

Additional consent provisions for the collection and use 
of participant data and biological specimens
The collection, processing, and storing of biological 
specimens will be carried out in accordance with the 
applicable institutional policies. The use of specimens is 
described in the patient’s informed consent form (Addi-
tional file 2).

Statistical methods
General statistical analysis
Categorical variables will generally be presented as num-
bers (frequencies) and percentages. Continuous variables 
will be presented as the mean and standard deviation, or 
as the median and interquartile range in case of a skewed 
distribution. The data will only be analyzed and pre-
sented quantitatively. Missing data will not be replaced.

Statistical analysis of the primary study parameters
For each group, the number of patients who are alive 
and without evidence of disease relapse after 3  years of 
follow-up will be determined. Kaplan–Meier curves with 
the end-point of disease-free survival will be constructed 
and the log-rank test will be used to compare 3-year dis-
ease-free survival rates between groups.

In the case of differences in baseline variables between 
the two groups, Cox regression analyses including these 
variables will be performed. Univariate analysis will first 
be used to identify possible confounders. Multivariate 
Cox regression analysis will then be performed includ-
ing ‘group’ (PSO or no PSO), with possible confounders 
as independent variables and disease-free survival as the 
dependent variable.

The NNT to prevent one case of ovarian cancer will 
be calculated according to the method of Lubsen et  al. 
[35]. NNT describes the number of patients required 
to undergo PSO in order to gain 1  year of disease-free 
survival.

Statistical analysis of secondary study parameters
The proportion of abnormal ovaries found during pri-
mary surgery that necessitate resection (based on the 
opinion of the operating surgeon) will be presented 
as a number and percentage of the total group of study 
patients. This specific group of patients will be analyzed 

separately since the need for resection is established 
before the intervention (PSO) takes place.

Per- and post-operative complications will be presented 
as numbers and percentages. The number of patients 
with any complication and the number of patients with a 
more severely complicated course (Comprehensive Com-
plication Index > 20) will be compared between groups 
using chi-square tests or Fisher exact tests, as appro-
priate. In the case of differences in baseline variables 
between the groups, the number of patients with compli-
cations or with a severely complicated course will also be 
compared using logistic regression analyses that include 
these variables.

The occurrence of metastatic spread to the ovaries 
(based on pathology reports) will be presented as a num-
ber and percentage. Because this can only be assessed in 
the intervention group, comparison between the groups 
cannot be made.

The occurrence of relapse of intra-abdominal tumors 
and the occurrence of primary ovarian cancer are 
compared between groups using Kaplan Meier analysis 
and log-rank tests. In the case of differences in base-
line variables between the groups, the occurrence of 
relapse or of primary ovarian cancer will be compared 
using logistic regression analyses that include these 
variables.

Generic and disease-specific, health-related qual-
ity of life will be measured using the EORTC QLQ-C30 
and QLQ-CR29 questionnaires. These will provide con-
tinuous variable data that are compared between groups 
using the student’s t-test or Mann Whitney U-test, as 
appropriate. Furthermore, linear mixed models for 
repeated measures will be used to estimate the effect of 
PSO on the quality of life over time.

Other study parameters and methods for additional analyses
All baseline parameters will be compared between 
groups using either chi-square tests for categorical vari-
ables and t-tests, or Mann–Whitney U-tests for continu-
ous variables.

In addition, the surgical substrate (colon vs rectum), 
type of surgery (laparoscopic vs open) and use of adju-
vant treatment are compared between groups using chi-
square tests.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee
The data management team consists of local investigators 
and local data managers.
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Composition of the data monitoring committee, its role 
and reporting structure
There will be a research coordinator at each hospital to 
monitor the trial.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethics committees)
Important protocol modifications will be communi-
cated by e-mail to all relevant parties.

Ethics and disseminations
Dissemination policy
The results of this study will be communicated to all 
participating hospitals and published in peer-reviewed 
journals. In addition, the results will be presented at 
gynecological and surgical conferences.

Plans to give access to the full protocol, participant‑level 
data, and statistical code
Not available.

Discussion
Up until 2019, there was no explicit focus on the role 
of the ovaries in CRC patients. In our view, however, 
patients with CRC could gain a benefit from PSO. 
Apart from the possibility of developing metastases in 
the ovaries, the risk of developing ovarian cancer at a 
later stage in life makes PSO a highly relevant issue.

The outcomes of this study will result in continued 
discussion of the role of PSO. It should also increase 
awareness among surgeons for the ovaries and sal-
pinges and stimulate them to check the ovaries for pos-
sible abnormalities.

In the case of successful completion of this study, evi-
dence should be obtained on different aspects of ovar-
ian malignancies in CRC patients and on the clinical 
consequences of prophylactic surgery. We will be able 
to evaluate the impact of recurrent colorectal malig-
nancy, particularly intra-abdominal, as well as the 
occurrence (or prevention) of ovarian cancer. In addi-
tion, we will gain further insights into the disease-free 
and overall survival of postmenopausal patients with 
CRC. Based on this new information, we should be able 
to conclude whether offering PSO to all postmenopau-
sal patients with CRC is beneficial for their oncologic 
outcome. This conclusion could eventually be incorpo-
rated into the CRC guidelines.

Finally, we will gain insight into the long-term effects 
of both of these operating strategies (PSO or no PSO) on 
patient quality of life and on complications. Only then 
will it be possible to balance the considerations that allow 
informed individual decision-making on this specific issue.

Within the selected hospitals that have altered their 
CRC care pathway, younger or premenopausal patients 
are excluded. Therefore, no conclusions can be drawn 
for this specific group. Since OM appears to be more 
prevalent in premenopausal patients, research into 
the effects of PSO on the oncologic outcome of these 
patients would also be valuable. However, for such a 
study to be considered, more comprehensive informed 
consent should be obtained due to the consequences of 
surgically induced menopause.

At last, the added value of PSO in patients that 
developed CRC caused by Lynch syndrome, which is 
the case in approximately 2–4% of all CRC patients 
[46, 47], remains unanswered by the current study. 
Although, it is expected that the number needed to 
treat in this specific population is a lot smaller com-
pared with the general population, because of a life-
time risk of 3–14% for the development of ovarian 
cancer in patients with Lynch syndrome [48]. A sep-
arate substudy regarding this specific population is 
therefore in preparation.
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