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Introduction and dissertation outline 

 

Many abdominal and pelvic cancers can spread directly into the abdominal cavity and metastasize 

onto the peritoneum. Unfortunately, when these peritoneal metastases (PM) are present prognosis 

is generally poor. However, for certain cancers, advances in surgical techniques and chemotherapy 

have led to significant survival gains and even curation in selected cases. Presence of peritoneal 

metastases requires extensive surgery and this comes with a significant risk of postoperative 

complications, which can occur in up to 42-46% in cases with extensive disease[1, 2]. The challenge 

for the clinician is to balance the benefit and risks and select those patients who benefit from such 

extensive surgery. As a result, there is a demand for a more detailed description of peritoneal 

metastases (PM) from imaging before surgery. This dissertation focuses on different strategies for 

demonstrating the extent of PM that originated from the ovarian-, colonic- or rectal carcinoma 

before and during surgery. However, some of the findings and arguments made may also apply to 

peritoneal metastases from any origin, such as appendiceal cancer, gastric cancer, mesothelioma, 

endometrial cancer, or pseudomyxoma peritonei. Further research will be necessary to investigate 

this. 

In the Netherlands, approximately 1000 new patients present each year with advanced-stage ovarian 

cancer (FIGO stage IIb-IV), with  tumor spread to the peritoneum in the pelvis and beyond [3]. These 

patients represent about 75% of all ovarian cancer patients and have the highest mortality rate of 

gynecological malignancies [4]. Colorectal cancer occurs much more frequently with 12,000 patients 

per year in the Netherlands, approximately 4% present with PM, and 8% develop PM after primary 

curative resection [5-7]. 

Patients with advanced colorectal and ovarian cancer will benefit most from surgery when all 

macroscopic disease including PM is removed. The procedure is called cytoreductive surgery (CRS) 

and is combined with systemic and in selected cases with locoregional chemotherapy such as 

hyperthermic intraperitoneal administration of chemotherapy (HIPEC). For patients with advanced 

ovarian cancer, CRS generally involves a laparotomy with hysterectomy, bilateral salpingo-

oophorectomy, omentectomy, if indicated removal of affected organs (bowel, spleen), resection of 

all peritoneal tumor sites including those found in the upper abdomen, and, resection of enlarged 

(>1cm) paraaortic and pelvic lymphnodes[8]. Similarly, for patients with colorectal PM, CRS will 

include the resection of all peritoneal tumor sites, the primary tumor (if still in situ), and, if necessary, 

the (partial) resection of all affected abdominal organs. However, the complete removal of all 

macroscopic PM is not always feasible. At some point, the presence of PM can be so extensive that 
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the risk of morbidity of the surgical procedures required outweighs the potential benefits. For 

instance, if the small bowel is affected, complete resection of the tumor including the small bowel 

could lead to a short bowel syndrome. In ovarian cancer, residual disease more than 1cm in diameter 

after maximum effort cytoreduction, which is called an incomplete CRS, does not result in a survival 

benefit and should be avoided.  No residual disease following CRS leads to the most favorable survival 

and residual disease < 1cm is considered an acceptable outcome if complete cytoreduction is not 

feasible. This differs from colorectal cancer since residual disease after CRS renders the surgical 

procedure futile in respect to its potential survival benefit. It is even thought that after a certain extent 

of PM, the potential survival benefit of the procedure does not significantly differ from that of 

palliative treatment even though complete CRS is has been achieved[9]. In cases, when during 

surgery it becomes clear that complete CRS is not feasible, patients are subjected to a futile 

laparotomy and referred to best supportive care. For patients with advanced ovarian cancer and 

extensive disease, the clinician may also consider neoadjuvant chemotherapy, which can reduce the 

tumor load and increase the chances of complete CRS with less morbidity[1]. The role of 

perioperative chemotherapy is also being investigated for colorectal PM patients in the CIARO 6 

trial[10]. 

Whether CRS is feasible depends on multiple parameters, but the extent of peritoneal metastases is 

crucial herein. Clinical decision-making is currently largely reliant on either abdominopelvic 

computed tomography (CT) or findings during an invasive procedure such as a diagnostic 

laparoscopy or laparotomy. The current patient selection for ovarian and colorectal cancer 

undergoing CRS leads to 20-40% of planned CRS procedures that do not result in any meaningful 

survival benefit for the patient [11-15] and merely expose the patient to the risks of open abdominal 

surgery.  

CT scan of thorax and abdomen is currently used as routine preoperative diagnostic imaging.  The 

overall diagnostic performance of CT scan for finding peritoneal lesions is poor [16, 17], which results 

in a limited performance for predicting the outcome of surgery [18-20]. Until now, surgeons have 

turned to diagnostic laparoscopy to fill this diagnostic gap. The use of additional diagnostic 

laparoscopy can reduce these non-therapeutic laparotomies for both ovarian cancer [21, 22] and 

colorectal cancer [13, 23]. This means that more detailed information of the extent of PM can guide 

the clinical decision to perform CRS and is thus of benefit for the patient. Laparoscopy, however, 

remains an invasive procedure for the patient with the need of a hospital admittance and a small but 

significant risk of complications 
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A non-invasive imaging modality that could provide more detail of the extent of PM would be of great 

importance for clinicians and patients. Magnetic resonance imaging (MRI) provides better soft tissue 

contrast than CT, and by adding diffusion-weighted imaging (DWI) to the scanning protocol, the 

tumor tissue is made even more conspicuous [24, 25]. DWI is already standard of practice in many 

areas of oncologic imaging of the pelvis and liver. Several studies demonstrated promising results 

with abdominopelvic MRI to non-invasively, pre-operative determination of the extent of PM [16, 17, 

24, 26-29]. However, this needs to be validated in clinical studies, which are currently in progress. 

To best support clinical decision-making, a radiologist must be aware of the most determinate 

factors. However, these factors are not universal nor rarely absolute and are influenced by the local 

surgical policies, surgical expertise, and available alternative treatments. Scoring systems to describe 

the extent of disease pre-operatively can help summarize these factors in a universal language. In the 

Netherlands, surgical oncologists use the peritoneal cancer index (PCI) to determine eligibility for 

CRS-HIPEC [7, 30] in colorectal cancer. This scoring system considers the size and distribution of the 

peritoneal metastases in 13 regions up to a maximum score of 39 points. A PCI of over 20 points 

excludes patients from treatment. There is no such consensus for ovarian cancer, multiple scoring 

systems have been described, and most centers do not apply any [31]. 

This dissertation aims to study the strategies and modalities available to determine the extent of 

peritoneal dissemination to optimize CRS planning and prevent non-therapeutic laparotomies for 

patients with ovarian and colorectal PM. 

The main questions of this dissertation are: 

1. How can the extent peritoneal metastases best be described in ovarian cancer patients? 

2. How can imaging be utilized best to improve staging and prognostication in colorectal and 

ovarian cancer patients considered for cytoreductive surgery? 
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Outline 

Part 1 of this dissertation is dedicated to determining the extent of PM during surgical exploration. 

Chapter 1 explores the performance of all scorings systems reported in the literature to describe and 

quantify the extent of PM to predict the outcome of surgery for advanced stage EOC. Chapter 2 

accesses the performance of one of such scoring systems, the Dutch 7 region count, supported by 

other peroperative findings for predicting surgical and survival outcomes in ovarian cancer.  

Part 2 of the dissertation is dedicated to determining the extent of PM with non-invasive imaging 

modalities. Chapter 3 evaluates the diagnostic performance of all currently available imaging 

modalities used to diagnose and stage PM. Chapter 4 explores the potential of abdominopelvic MRI 

for estimating the PCI and predicting the outcome of surgery for ovarian cancer patients. Chapter 5 

explores the distribution of PM in patients with colorectal PM and whether the location of the primary 

tumor influences the dissemination pattern. Chapter 6 assesses whether the PCI, as determined on 

MRI, has prognostic value for colorectal cancer patients considered for CRS-HIPEC. Chapter 7 shares 

the rationale and design behind an ongoing randomized controlled trial to assess the effect of MRI 

staging for colorectal PM patients.  

Finally, the general discussion provides of the research included in the dissertation and elaborates 

upon the opportunities of a guiding role for MRI in triage algorithms for patients with either PM from 

ovarian cancer, colorectal cancer, and possibly many other cancers as well. 
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Abstract 

The extent of peritoneal metastases (PM) largely determines the possibility of complete or optimal 

cytoreductive surgery in advanced ovarian cancer. An objective scoring system to quantify PM's 

extent can help clinicians decide whether or not to embark on CRS. Therefore, several scoring 

systems have been developed by different research teams, and this review summarizes their 

performance in predicting a complete or optimal cytoreduction in patients with advanced ovarian 

cancer. A systematic search in the MEDLINE database revealed 19 articles that described five main 

scoring systems to predict the completeness of CRS in patients with FIGO stage III-IV ovarian cancer 

based on the surgical exploration of the abdominal cavity; PCI, PIV, Eisenkop, Espada, and Kasper. 

The Peritoneal Cancer Index (PCI) and the Predictive Index Value (PIV) were mentioned most 

frequently and showed AUCs of 0.69-0.92 and 0.66-0.98, respectively. Due to the use of different cut-

offs, sensitivities, and specificities greatly varied. Therefore, with the current data, no scoring system 

could be identified as best. An objective measure of the extent of disease can be of great clinical use 

for identifying ovarian cancer patients for which a complete (or optimal) CRS is achievable. However, 

a widely adopted objective scoring system with a standard cut-off value is not feasible due to local 

differences in treatment strategies and surgical policy. Nevertheless, objective scoring systems can 

play an important role in guiding treatment decisions. 
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Introduction 

Of all gynecological cancers, ovarian cancer has the highest case fatality rate [1]. As the presenting 

symptoms of ovarian cancer are non-specific, the majority of patients present with advanced disease 

in which cancer cells have disseminated from the ovaries to the abdominal cavity. Patients with 

advanced ovarian cancer have a 5-year survival rate of about 30% and 10-year survival of about 10% 

[2].  

Standard treatment of advanced ovarian cancer is the upfront maximum surgical removal of all 

visible tumor in the abdomen, also called primary cytoreductive surgery (CRS), followed by six cycles 

of a platinum-containing chemotherapy schedule [3]. In case of an extensive disease in which 

successful primary surgery is unlikely, neo-adjuvant chemotherapy can be administered, followed by 

interval CRS and adjuvant chemotherapy [4-6]. A patient's outcome largely depends on whether all 

visible tumor can be removed (complete CRS). Leaving residual tumor less than 10 mm behind 

(optimal CRS) is second best, while a surgical intervention with >10 mm tumor residuals does not 

provide any significant survival benefit and merely exposes the patient to the morbidities of a surgical 

procedure [7, 8].  

The most accurate method of assessing tumor load is an exploration of the peritoneal cavity via a 

midline laparotomy. Direct visual and palpable assessment of the peritoneal surface is the reference 

standard and determines the final decision whether to proceed with cytoreduction or not. Although 

palpation is not possible during diagnostic laparoscopy (DLS), this procedure has also been shown to 

effectively estimate the peritoneal tumor load and thereby reduce the number of futile laparotomies 

[9, 10]. An important reason not to proceed with cytoreductive surgery is the presence of extensive 

peritoneal metastases on the surface of the bowel and infiltration of vital structures such as the 

mesenteric root. The interpretation of the word "extensive" is arbitrary and can vary between 

gynecologists. Therefore, a more objective method is needed to describe the extent of peritoneal 

involvement. An objective method allows for a more rational approach to determining whether to 

proceed with CRS. In addition, it can be used to provide a reference for preoperative staging 

methods. For colorectal cancer, the Peritoneal Cancer Index (PCI), which considers both the size of 

the disease and the dissemination of the disease, is widely accepted as the standard to quantify 

peritoneal metastases and guide treatment decisions [11]. However, several scoring systems have 

been proposed in ovarian cancer, none of which are widely implemented.  

The purpose of this review is to provide an overview of all peroperative scoring systems for advanced-

stage ovarian cancer and to evaluate their performance to predict complete or optimal cytoreduction 

for patients with advanced-stage ovarian cancer. 
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Methods 
Literature search 

A search was performed on December 2nd 2020 in the MEDLINE database of the U.S. National Library 

of Medicine through PubMed (www.ncbi.nlm.nih.gov/pubmed/) to identify all articles describing 

prediction models based on findings from open or laparoscopic exploration to predict the 

completeness of cytoreductive surgery in epithelial ovarian cancer patients. The completeness of 

cytoreductive surgery can be defined as either complete (no visible residual disease) vs. incomplete 

(any residual disease) or as either optimal (no residual disease exceeding 1 cm in diameter) vs. 

suboptimal (any residual disease exceeding 1 cm in diameter). This search strategy included the 

following terms in MEDLINE: "ovarian cancer", "cytoreductive surgery", "residual disease", "surgical 

outcome", "predictive value", "ROC-curve", combined with "OR" and "AND" along with the relevant 

synonyms of the terms mentioned above. The literature search is described in detail in the 

supplementary material. Other relevant articles found within the citations of selected articles were 

also included. 

Two reviewers (ME, ML) evaluated the search results for potentially eligible articles. Articles were 

first screened with the title and abstract and then full text (PRISMA flow diagram in the 

supplementary materials). If there was a discrepancy in the eligibility based on the title, abstract or 

full text, a consensus was reached by discussion. Articles were included if they adhered to the 

following conditions: study provided a receiver operator characteristics (ROC) analysis or confusion 

matrix analysis and described a multivariable model of findings from either laparotomy or 

laparoscopic exploration in an exclusively ovarian cancer patient cohort that predicts the 

presence/absence of residual disease after CRS. Articles reporting findings from laparoscopy were 

only included if CRS was attempted in all patients. Articles that reported utilizing the score in the 

clinical decision-making were also excluded. The methodological quality of all studies was assessed 

using the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) checklist [12]. 

 

Data extraction  

Data were extracted from the included articles by one reviewer and checked by the other. 

Information was obtained on the following: publication specifics, basic patient group characteristics, 

surgical setting and outcomes, name and numeric range of prediction models, the proportion of 

complete or optimal CRS, and predictive performance of models (from ROC analysis and confusion 

matrix analysis). All predictive values of each article are reported here from the perspective of 

predicting complete or optimal surgery  
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Statistical analysis 

From the extracted data, the true and false positives and the true and false negatives were calculated 

where possible and used to calculate the sensitivities and specificities, with their respective 95% 

confidence intervals (Wilson's score interval [13]). The sensitivity was defined as the number of 

patients without residual disease scored under the given cut-off point for a specific scoring system 

divided by all patients without residual disease after surgery (or less than 1cm of residual disease 

when selecting patients with complete or optimal CRS). The specificity was defined as the number of 

patients with residual disease scored equal to or above the given cut-off point for a specific scoring 

system divided by all patients with residual disease after surgery (or less than 1cm of residual disease 

when selecting patients with complete or optimal CRS). For all AUC estimates, their respective 

confidence intervals were estimated with Wilson's score interval. Each article's sensitivity, specificity, 

and AUCs are presented in forest plots grouped by the scoring system and stratified by complete CRS 

alone as a predictor of complete or optimal CRS. All calculations were performed in R statistical 

software version 4.0.2. (The R Foundation for Statistical Computing, Vienna, Austria). 
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Results  

The literature search revealed 391 articles related to CRS of advanced ovarian cancer using the 

combination of descriptors as described above. Sixteen articles met the inclusion criteria, and an 

additional three articles were included via a cross-reference check (the PRISMA flow diagram is 

included in the supplementary material).  The results of the QUADAS-2 assessment are presented in 

Figure 1ab. The scoring systems themselves have been included in the supplementary materials. 

These 19 articles described the surgical exploration of the abdomen of 2190 patients (ranging from 

25 to 507 patients). The vast majority, 78.2%, of surgical explorations were performed at primary 

diagnosis, another 21.6% were performed after neoadjuvant chemotherapy, and 0.2% at recurrence. 

Original scoring systems were identified, and when a previously described scoring system was used 

with slightly different conditions, it was considered a reinterpretation of this scoring system. This was 

always determined retrospectively. For example, reporting the performance of only a selected set of 

regions instead of all 13 regions of the Peritoneal Cancer Index (PCI) would be considered a 

reinterpretation. Following the literature search, we identified five unique scoring systems used in 

open or laparoscopic exploration. An additional seven reinterpretations of these five unique scores 

were also included in this review. The predictive performance of these 12 scorings systems was 

reported.  

Figure 1 Summary of methodological quality assessment of included articles according to QUADAS-2 guidelines [12]: a. 

Risk of bias assessment b. Concern regarding applicability assessment. 

 

The performance of the reported scorings systems used in the included articles are summarized in 

either Table 1 (for complete CRS as the primary outcome parameter) or Table 2 (for complete or 

optimal CRS as the primary outcome parameter). The proportion of complete CRS and complete or 

optimal CRS varied between articles from 0.46-0.89 and 0.50-0.86, respectively.  

23 



Chapter 1 

Peroperative scoring systems for predicting the outcome of cytoreductive surgery in patients with 
advanced-stage ovarian 

 

v 

Forest plots of all reported AUC values are presented in Figure 2 as an overview of the diagnostic 

ability of each scoring system. The average of reported AUCs was 0.80 and ranged from 0.63 to 0.98 

(figure 2). The highest AUCs were reported by Tomar et al. with the PIV and Jónsdóttir et al. with the 

PCI (AUC: 0.95). A high AUC indicates that good discrimination can be made for surgical outcomes 

using the scoring systems. Some scoring systems propose a cut-off point for complete or optimal 

surgical resection. The sensitivity and specificity of these scorings systems are depicted in forest plots 

(figure 3ab). Scoring systems predicting complete or optimal CRS had a higher sensitivity than those 

predicting complete CRS only. Although, the reported specificities varied greatly between scorings 

systems and between articles using the same scoring system. In two reports, the PCI with the cut-off 

set at 20 of the 39 points showed a sensitivity of 0.81 and 0.90 and a specificity of 0.75 and 0.83 for 

predicting complete or optimal CRS [14, 15]. Suggesting this may be the most promising option. 

Large confidence intervals make it difficult to accurately determine which scoring system 

outperforms the other for predicting complete CRS alone.  
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Figure 2 Forest plot summarizing all reported AUCs for receiver operating characteristics curve (ROC) analysis for each 

scoring system and their respective 95% confidence intervals. The AUC is a measure of overall diagnostic ability 

regardless of cut-off point choices. An AUC of 0.5 would be regarded as a worthless test, and an AUC of 1.0 is a perfect 

test. The results are stratified by the predicted outcome, either complete CRS alone or complete or optimal CRS. 
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Discussion 

This review demonstrates that most scoring systems had high AUCs, and for predicting a complete 

or optimal CRS, high sensitivities were reported, although the specificities varied between studies. 

For predicting only a complete CRS, varying sensitivities and specificities of per-operative scoring 

systems were found. The high sensitivities and varying specificities for complete or optimal CRS can 

be explained by the fact that gynecologists do not want to deny treatment to any patients. Although 

no scoring system could be identified as best, objective scoring systems can play an important role in 

helping to standardize the treatment of women with ovarian cancer. A requirement of any scoring 

system should be that all areas at risk for disease involvement are evaluated, such as the 

retroperitoneal space and liver hilus. In addition, aggressive surgery may lead to morbidity without a 

survival benefit. However, standardization is a powerful tool to improve quality of care and better 

compare different patient cohorts from different trials to solve important clinical research questions.  

Five main scorings systems were used to predict the outcome of CRS, help define resectable ovarian 

cancer. In general, two different approaches can be identified. One approach is to add disease-

specific features predictive of incomplete CRS, such as "extensive diaphragmatic carcinomatosis" and 

"bowel infiltration" [25]. A second approach is a more objective quantification of tumor size and intra-

abdominal dissemination. This may allow for a more standardized measure of disease extent for 

comparisons between clinical and research outcomes. In both cases, the experience of the operating 

surgeon to perform specific surgical procedures will significantly influence the rate of complete or 

optimal cytoreduction and, with it, the performance of a scoring system [32]. This explains the 

variation in the rate of complete CRS in the included articles from 46% to 89%, and of complete or 

optimal CRS varied from 50% to 86%. Referral differences and the previously mentioned differences 

in surgical policies can affect the pretest probability of each surgical outcome. This can and most 

likely has affected the observed sensitivities and specificities [33]. When exploring a scoring system 

(and cut-off), physicians should consider studies that best reflect their practice. 
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Figure 3 Forest plot summarizing all reported a. sensitivities and b. specificities and their respective 95% confidence 

intervals. The sensitivity represents the proportion of complete (or optimal) CRS correctly identified. The specificity 

represents the proportion of incomplete (or suboptimal) CRS correctly identified. The results are stratified by the predicted 

outcome, either complete CRS alone or complete or optimal CRS 
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The overall performance of the scoring systems ranged from an AUC of 0.63 with the Eisenkop 

score[16] to 0.98 with the PIV[30]. The average of all reported AUCs was 0.80. This suggests the 

scoring systems have a good discriminating ability between surgical outcomes and justifies their use 

in clinical trials and registries for comparing research and clinical outcomes. However, appointing a 

cut-off point from where to base clinical decisions proved challenging. High sensitivities for finding 

complete or optimal CRS often came at the expense of specificity, reflecting the authors' clinical 

reluctance to miss an optimally treated patient if applied for patient selection. This was most clearly 

the case for Fagotti and colleagues who demanded a negative predictive value (NPV) of 1.00 with 

their PIV, as they did not want to exclude any patient from CRS incorrectly [25]. Considering that no 

randomized controlled trial has shown a survival benefit for primary CRS or interval CRS yet [5, 34-

36], one could argue that some false omissions at primary CRS with a relatively high extent of disease 

are acceptable because the patient will be treated at interval CRS. At interval CRS, false omissions 

would not be acceptable. Whether CRS is technically feasible is not the only argument to proceed 

with CRS. Since aggressive surgery may lead to morbidity and mortality, there should be a balance 

between the adverse outcomes related to aggressive surgery and the effect of achieving a complete 

CRS with aggressive surgery on survival. To add a surgical complexity score as is included in the 

SCORPION trial could be helpful to standardize this factor [23]. Whether the extent of PM is 

associated with survival remains to be determined in ovarian cancer as conflicting results have been 

reported [37-42]. 

After considering performance status, nutritional status, medical history, and co-morbidity, the final 

step in patient selection is to determine whether CRS is feasible. It would be best to select those 

patients who would benefit most from CRS before turning to invasive exploratory laparotomy. 

Diagnostic laparoscopy before primary CRS has been shown to prevent futile laparotomies by 20% 

and increase the completion rate in an RCT[9] and is, therefore, a robust selection tool. However, 

Llueca et al. and Abdallah Ahmed et al. reported a substantially reduced specificity (-0.35 and -0.41, 

respectively) with diagnostic laparoscopy compared to laparotomy using the PCI in the same patient 

cohort[14, 15]. This reflects some of the inherent limitations of laparoscopic assessment.  

On the other hand, diagnostic laparoscopy remains an invasive procedure with limited morbidity 

and could prevent performing exploratory laparotomies to determine surgical resectability. 

Prediction models derived from CT findings have been extensively researched with limited success 

[43]. In this review, three articles were included that reported the diagnostic performance of a 

scoring system based on the surgical assessment and MRI assessment with a limited difference 

between the two [20, 28, 29]. Currently, two prospective multicenter cohort studies are ongoing to 

show whether MRI is sufficiently accurate to select those patients for whom CRS is feasible without 

the morbidity of a futile surgical procedure [44, 45].  
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Conclusion 

The performance of the peroperative scoring systems varied between studies, reflecting differences 

in treatment management and surgical approach and thus different cut-offs. However, as is 

demonstrated by the high AUCs and the achieved sensitivities in detecting which patients would 

undergo a complete or optimal CRS, scoring systems have a role in standardizing the treatment 

management to improve comparisons between surgical services and to improve quality of care.  
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Supplementary materials 

Figure S1. Peritoneal Cancer Index (PCI) 

 

Table S1. Predictive Index Score  

  PIV (Fagotti)  PIV (Brun) PIV (Petrillo) PIV (Tomar) PIV (Zhou) 

Omental cake 2 - 2 2 2 

Peritoneal Carcinomatosis 2 - 2 2 2 

Diaphragmatic carcinomatosis 2 2 2 2 2 

Mesenteric retraction 2 2 - - 2 

Bowel infiltration 2 - 2 2 2 

Stomach infiltration 2 2 2 - 2 

Liver surface metastases 2 2 2 2 2 

Splenic involvement - - - - 2 

Para-aortic lymph nodes - - - - 2 
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Table S2. Eisenkop 

Anatomic regions Score 

Right upper quadrant 

- No visible disease 
- Metastatic implants and/or confluent disease involving <50% of the surface area of the diaphragm 
- Metastatic implants and/or confluent disease involving >50% of the surface area of the diaphragm 
- Any confluent diaphragm disease with invasion into muscle or contiguous involvement of the bare 

area and/or surface of the liver, peritoneum adjacent to the right kidney and duodenum 

 

0 

1 

 

2 

 

3 

Left upper quadrant 

- No visible disease 
- Involvement of the infracolic omentum 
- Involvement of the infracolic omentum and gastrocolic ligament 
- Involvement of the infracolic ligament and/or gastrocolic ligament and contiguous involvement of 

spleen, stomach, transverse colon, splenic flexure of colon, left diaphragm, or liver surface 

 

0 

1 

2 

3 

 

 

Pelvis 

- Adnexal disease only 
- Individual metastatic implants on the pelvic peritoneum, and/or adnexa adherent to pelvic sidewall 
- Extensive confluent disease involving pelvic peritoneal surfaces, including the cul-de-sac, bladder 

peritoneum and/or rectosigmoid serosa 
- Bulky disease encasing much of the pelvis cul-de-sac and rectosigmoid colon 

 

0 

1 

 

2 

 

3 

Retroperitoneum 

- No positive nodes and/or microscopic positive 
- Grossly positive nodes, largest <1 cm 
- Grossly positive nodes 1> cm 
- Confluent bulky positive retroperitoneal nodal disease 

 

0 

1 

2 

3 

Central abdomen 

- No visible disease (excluded pelvis, omentum, diaphragm, and hapatic surfaces) 
- <50 metastatic implants 
- >50 metastatic implants 
- Metastatic implant contiguous with bulky disease involving bowel and/or mesentery 

 

0 

1 

2 

3 
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Table S3. Espada 

Presentation of disease Score 

Involvement of the small and/or large bowel mesentery 1 

Involvement of hepatic parenchyma, hepatic hylium or surface implant > 2 cm 1 

Involvement of slpeen parenchma, spleen hylium, stomach or lesser sac 1 

Involvement of the diaphragm 1 

Peritoneal thickening 1 

Peritoneal macroscopic implants 1 

Massive ascites 1 

Suprarenal para-aortic lymph nodes (≥1cm) 1 

Miliar visceral peritoneum implants 1 
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Table S4 Kasper Compartments (+ Kasper Score) 

1 Diaphragm Liver 2 Diaphragm Porta Hepatis Ligatum 

falciform Paraaortal Lymph nodes 

3 Diaphragm Spleen Left Flexure 

4 Right Paracolic Space 5 Vessels Mesentery Omentum 6 Left paracolic space 

7 Cecum Ileocecal Right fossa 8 Rectum Vessels Ovary, Utherus, 

Bladder, fossa Douglasi, Bowel 

9 Left fossa 

1 point per compartment (0-9) 

For Kasper score: 

• Multiple subdiaphragmatic locations +1 point 

• Deep organ involvement +1 point each  

• (spleen/ liver/ Porta hepatis/ mesentery/cecum/ileocecal/rectum) 

• ASA group 3 or 4 +2 points 
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Abstract 
 

Aim 

Detection of peritoneal metastases (PM) is key in the staging and management of gastrointestinal 

and ovarian cancer patients. This meta-analysis aimed to determine the diagnostic performance of 

CT, PET(CT), and (DW)MRI in detecting PM.  

 

Methods 

A literature search in Pubmed, Embase (Ovid), and Scopus was performed (January 1997- May 2018) 

to identify studies reporting on the accuracy of imaging PM in the diagnostic workup of 

gastrointestinal or ovarian cancers. Inclusion criteria were region-based or patient-based studies 

comprising >15 patients, surgery/histology/radiological follow-up as a reference standard, and 

sufficient data to construct a 2x2 contingency table. Two observers performed data extraction. The 

sensitivity, specificity, and diagnostic odds ratio (DOR) were calculated using a bivariate random-

effects model, and hierarchical summary operating curves (HSROC) were generated. 

 

Results 

Of 3457 citations retrieved twenty-four articles met all inclusion criteria. Thirty-seven datasets could 

be extracted for analysis including 20 for CT, 10 for PET(CT), 7 for (DW)MRI. The pooled sensitivity, 

specificity, DOR for detection of PM for region-based studies for CT were 68%(CI:46-84%); 

88%(CI:81-93%); 15.9(CI:4.4-58.0) respectively. For PET(CT) 80%(CI:57-92%); 90%(CI:80-96%); 

36.5(CI:6.7-199.5) respectively and for (DW)MRI: 92%(CI:84-96%); 85%(CI:78-91%); 63.3(CI:31.5-

127.3). In the patient-based group, not enough studies were included to make a pooled analysis for 

(DW)MRI and PET(CT).  

 

Conclusion 

(DW)MRI and PET(CT) showed comparable diagnostic performance for detecting peritoneal 

metastases in ovarian and gastrointestinal cancer patients. Since MRI is more widely available than 

PET(CT) in clinical practice, this potentially is the imaging method of choice in most centers in the 

future.  
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Introduction 
Tumor spread to the peritoneum is commonly seen in cancer patients from various origins. For 

example, approximately 75%, 17%, and 10% of patients with ovarian, gastric, and colorectal cancer, 

respectively, have peritoneal metastases (PM) at the time of initial presentation [1-3]. PM are an 

important cause of morbidity and mortality, with only palliative surgery and systemic chemotherapy 

as conventional treatment options. The median survival rate for PM patients from a gastric origin is 

1-3 months. For those of colorectal origin, this is up to 12.7 months [3, 4]. Despite new treatment 

modalities for ovarian carcinoma, 10-year survival for patients with advanced-stage has hardly 

improved in the last 25 years (10% versus 13%) [5]. 

Although the presence of PM is undoubtedly considered a poor prognostic sign, it is not proof of 

distant metastasis [6]. In recent years, aggressive locoregional treatment strategies, including 

cytoreductive (CRS) surgery possibly followed by hyperthermic intraperitoneal chemotherapy 

(HIPEC), have shown promising results for patients with limited and resectable peritoneal disease [1, 

7]. Five-year survival rates as high as 50% in well-selected patient groups of both ovarian and 

colorectal cancer have been reported [8, 9]. This means that prognosis may shift from a palliative 

treatment to long-term survival or even cure for a subgroup of patients with PM. Accurate staging 

and selection of patients with a limited peritoneal tumor load is the crux of achieving these optimal 

results.  

Explorative laparoscopy is the reference standard to assess the peritoneal disease. However, this 

procedure is invasive, often challenging, and incomplete due to adhesions and carries a small risk of 

complications. This underlines the need for a robust imaging modality to quantify the extent of 

peritoneal disease reliably. To date, computerized tomography (CT) still is the preferred imaging 

method to diagnose PM in most centers. However, there is a growing interest in functional imaging 

techniques as positron emission tomography (PET), whether or not combined with CT and magnetic 

resonance imaging (MRI), especially with the addition of diffusion-weighted (DW) sequences. 

The purpose of this meta-analysis is to compare the diagnostic performance of CT, PET(CT), and 

(DW)MRI in the detection of peritoneal metastases in patients with gastrointestinal (i.e., gastric, 

colorectal, appendiceal) and ovarian cancer in order to indicate the imaging modality most suitable 

for optimal preoperative selection of potential CRS candidates. 
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Materials and Methods 
Literature search 

Per PRISMA guidelines, a systemic literature search was conducted in Pubmed, Embase (Ovid) and 

Scopus to identify relevant articles from January 1997 to May 2018 [10]. An initial search strategy was 

set up and conducted in cooperation with an information specialist linked to our hospital (PB). Search 

terms used included "peritoneal seeding", "peritoneal metastases", "peritoneal carcinomatosis", 

"computed tomography", "CT", "FDG-PET", "PET", "PET-CT", "magnetic resonance imaging", "MRI" 

and finally terms as "diagnosis", "staging", "accuracy", combined using "OR" and "AND". The PRISMA 

checklist is presented in Appendix 1. The literature search is described in detail in Appendix 2.  

 

Study selection  

References retrieved from the database searches were deduplicated and exported to Endnote X7 

(Windows) software. First, two abdominal radiologists with 12 and 10 years of clinical experience (ML, 

IvS) independently screened titles and abstracts. Review articles, meta-analyses, case reports, 

conference abstracts, animal studies, comments, and letters to the editor were excluded. Next, if the 

abstract fulfilled the criteria as stated below or if this was unclear, both readers reviewed the 

complete original article.  

The defined inclusion criteria were:  

Diagnosis of PM in patients with a newly diagnosed primary gastrointestinal 

(gastric/colorectal/appendix) or ovarian cancer of any histological type and any stage CT, PET, PET-

CT, and (DW)MRI or a combination of these imaging techniques were used to detect PM 

Histopathology, surgery, or clinical/radiological follow-up results were used as a reference standard 

Results were presented in a 2 x 2 contingency table, or such a table could be extracted from the article 

Studies containing 15 or more patients  

Articles were in English  

We aimed only to include studies on the detection of PM in newly diagnosed patients, i.e., concerning 

pretreatment imaging. Studies comprising of patients with recurrent disease or patient groups that 

all underwent previous surgery, or neoadjuvant chemotherapy treatment (NACT) were excluded. A 

finding was considered negative if surgical history or prior neoadjuvant chemotherapy treatment was 

not explicitly stated in the article. All histological tumor types were eligible for inclusion. However, 

because of the known lower detection rate of mucinous carcinomas by 18F-FDG-PET, studies 
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comprising exclusively mucinous primary tumors were excluded in order to be able to compare the 

results of each imaging modality. Both region-based and patient-based studies were included. 

Region-based studies assess peritoneal burden following predefined abdominal regions. In the case 

of a region-based study, averages for all regions together should have been given or should be 

derivable. The references of the retrieved articles were subsequently cross-checked for more 

potentially relevant studies. Inconsistencies between the readers regarding potential eligibility were 

resolved by consensus.  

 

Data extraction  

Data extraction and methodological quality assessment were undertaken by one of the authors (IvS) 

and checked by a second author (ML). The consensus was reached on points of disagreement. For 

each study, the following characteristics were extracted using a predesigned form: 

Study characteristics: first author, country of origin, year of publication, study design (retro-

/prospective), single-/multicenter, primary outcome, reference test (i.e., histopathology, surgical 

findings, follow up imaging), patient-based or region-based analysis, the interval between imaging 

and reference standard, sample size, prevalence of PM, accuracy, sensitivity, specificity, true 

positives/negatives (TP/TN), false positives/negatives (FP/FN), positive predictive value, negative 

predictive value (PPV/NPV).  

Patient characteristics: mean age, gender, primary tumor and histology, prior NACT. 

Imaging characteristics: type of imaging modality, basic specifications of imaging modalities and 

techniques used (i.e., type of scanner, field strength MRI, slice thickness), intraluminal and 

intravenous contrast medium, use of bowel preparation, or antispasmolytics. Additionally, specific 

scoring systems for peritoneal tumor load, e.g., the peritoneal cancer index (PCI) introduced by 

Sugarbaker [11], were noted.  

If a study did not state TP/TN/FP/FN results, these results were derived from marginal totals or 

sensitivity and specificity. If mean results were given in the case of multiple readers, these were used 

for the analyses. If not, the results of the first reader were used. If the presence of PM was rated using 

a grading scale (three or five-point with an intermediate "equivocal" grade), results with the threshold 

where the equivocal category was regarded positive were used. Corresponding authors were 

contacted to clarify incomplete or unclear data.  
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Quality assessment 

The methodological quality of all included articles was assessed with the revised tool for the quality 

assessment of diagnostic accuracy studies (QUADAS-2) [12]. This assessment was performed by one 

of the authors and checked by another (IvS, ML). The final results were based on consensus 

discussion.   

 

Statistical analysis  

Based on the results derived from 2 x 2 contingency tables, all diagnostic parameters for the different 

modalities, such as sensitivity, specificity, and diagnostic odds ratio, were calculated. The diagnostic 

odds ratio (DOR) is a measure for the diagnostic performance of a test, which combines sensitivity 

and specificity into one measure [13]. A DOR of 1 implies that the test has no discriminatory power; 

the larger the DOR, the better the test discriminates between patients with and without the target 

disorder. Diagnostic performance between articles was summarized and compared with forest plots 

and hierarchical summary receiver operating characteristic (HSROC) curves using a random-effects 

model described by Moses and Littenberg [14]. Subgroup analyses were performed for studies with 

different types of tumors to see whether tumor type (GI or ovarian) affected the diagnostic 

performance of imaging. The heterogeneity of the study results was evaluated by calculating the I2 

statistic. I2 values can vary from 0 to 100%. Percentages of around 25% (I2 =25), 50% (I2 =50), and 75% 

(I2 =75) were classified as low, medium, and high heterogeneity, respectively. All statistical analyses 

were performed using Stata SE (StataCorp), version 11.  
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Results 
Literature search and study selection  

The initial search in electronic databases resulted in 3457 articles. After deduplication, 2187 articles 

were excluded by screening the title and abstract. The remaining 69 articles were selected for close 

review of the whole article, after which another 50 were excluded for various reasons (Figure 1). After 

cross-checking the remaining 19 eligible articles, five additional articles were found that fulfilled all 

inclusion criteria, adding to a total of 24 included studies. One corresponding author was contacted 

to clarify unclear data.  

Figure 1: PRISMA flow diagram of the search for eligible studies on diagnostic performance of CT, PET(CT), and (DW)MRI 

for the detection of peritoneal metastases 

Study and patient characteristics of included studies  

Characteristics of the included studies are shown in Table 1. The total number of included patients 

was 2302 (range 15-498, mean 96). The majority of studies had a retrospective design (14 out of 24). 

In one study, the design was not defined [15]. Half of the included studies originated from Asian 

countries. Two multi-center studies were included [16, 17]. The majority of included studies 

comprised patients with exclusively ovarian (n=11) or gastric cancer (n=10). Three studies comprised 

patients with colorectal or appendiceal primaries.  
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The 24 included articles provided 37 datasets as eleven studies evaluated multiple modalities (Figure 

1). Twenty datasets evaluated presence of PM with CT [2, 16-34], ten datasets with PET(CT) [15, 17, 

19, 21, 25, 27, 30, 33-35] and seven datasets with (DW)MRI [16, 31, 33-37]. Of the CT-oriented studies, 

eleven used multi-detector CT scans, six spiral CT scans, one study used both, and two did not specify. 

Of the ten PET(CT) studies, four used low-dose CT, four diagnostic CT (all contrast-enhanced), and 

two used 18F-FDG-PET without accompanying CT scanning. Of the seven MRI studies, in addition to 

morphological sequences, two studies used contrast-enhanced sequences, two used DWI sequences, 

and the remaining three studies included both. None of these last-mentioned studies analyzed the 

accuracy of DWI versus contrast-enhanced sequences separately [31, 33, 34]. 

Fifteen studies were patient-based, whereas nine had a region-based approach. Three region-based 

studies used the peritoneal cancer index (PCI) as a scoring method [31, 35, 37]. Two studies used an 

adjusted PCI score comprising nine instead of 13 abdominal regions (implants on small bowel serosa 

not assessed)[15, 34].  

The majority of patient-based studies (10 out of 15) comprised gastric cancer patients, whereas most 

region-based studies comprised exclusively ovarian cancer patients or as part of a mixed cohort 

(respectively 6 and 2 out of 9 studies). Of the patient-based studies, 67% (10 out of 15) were published 

in or before 2010 whereas all region-based studies were published after 2010 (2011-2018).  

Three included studies used follow-up imaging as part of the reference standard [21, 27, 32]. In one 

study, postoperative CT and clinical data were only used as a reference standard for lesions identified 

on preoperative CT but not found at surgery [32]. The other two studies used follow-up imaging for 

patients that did not undergo surgery [21, 27]. The method of follow-up imaging is not clearly stated 

in these studies.  

 

Quality assessment 

The results of the QUADAS-2 assessments are presented in Figures 2a and 2b. In the reference 

standard domain, 58% (14 of 24 studies) scores 'unclear'. In most of these studies, it was unknown 

whether the reference standard results were truly blinded to index test results, thus introducing 

potential bias [2, 17, 18, 21, 22, 24, 26-28, 33, 34, 36, 38, 39]. In a quarter of the included studies, there 

was a high risk of bias in the patient selection domain. Inappropriate exclusions mainly caused this. 

Seven studies provided insufficient information on the timing between index test and reference 

standard. The remaining studies had an acceptable time frame between imaging and reference 

standards (range from days to 59 days)[18, 19, 21, 22, 25-27, 37]. Regarding applicability concerns for 
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patient selection, index test and reference standard were generally low. None of the studies were 

deemed necessary to exclude from the meta-analysis based on the QUADAS-2 assessment.  

Figure 2 Overview of risk of bias and applicability concerns of all 24 included studies a QUADAS-2 results. Risk of bias and 

applicability concerns per study. b QUADAS-2 results.   

75 



 
 

 

v 

v 

Chapter 3 

Diagnostic performance of imaging for the detection of peritonealmetastases 

Meta-analysis 

Pooled analysis of sensitivity, specificity, and diagnostic odds ratio of CT, PET(CT), and (DW)MRI  

Comparison between CT, PET(CT), and (DW)MRI in the region-based group shows (DW)MRI to have 

the highest sensitivity (91%, CI:84-96%) and diagnostic odds ratio (63.3, CI:31.5-127.3) (Table 2). 

PET(CT) has the highest specificity (90%, CI:80-96%), however with only a marginal difference from 

(DW)MRI and CT (respectively 85% (CI:78-91%) and 88% (CI:81-93%)). Figure 3 shows the hierarchical 

summary receiver operating characteristics (HSROC) curves of region-based CT, PET(CT), and 

(DW)MRI studies.  

Not enough studies were included in the patient-based group to make a pooled analysis for (DW)MRI 

and PET(CT). Pooled analysis of patient-based CT studies (n=14) showed a higher DOR than for the 

region-based ones (n=6): DOR 33.5 (16.3-68.9) versus 15.9 (4.4-58.0). However, sensitivity and 

specificity showed only small differences (Table 2).  

The heterogeneity test showed considerable heterogeneity among studies for all modalities (I2>75%). 

Forest plots of all studies, with their pooled estimates per modality and the I2 score per modality, are 

presented in Figure 4.  

Table 2 Summary of statistics on diagnostic performance of CT, PET(CT), and (DW)MRI in detecting peritoneal 

metastases (region based studies) 

Modality Sensitivity Specificity Diagnostic OR 

Region based 

CT 0.68 (0.46–0.84) 0.88 (0.81–0.93) 15.9 (4.38–58.01) 

PET(CT) 0.79 (0.68-0.92) 0.90 (0.80–0.96) 36.5 (6.7–200.0) 

(DW)MRI 0.91 (0.82-0.96) 0.85 (0.78–0.91) 63.3 (31.5–127.3) 

Patient based 

CT 0.70 (0.53–0.83) 0.94 (0.87–0.97) 33.5 (16.3–69.0) 

Data in parentheses are 95% confidence interval, OR odds ratio 
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Subanalyses 

There were not enough data to compare PET with low-dose CT versus PET with diagnostic CT scans 

or MRI with versus MRI without DW sequences in both patient or region-based groups. There was no 

significant difference in sensitivity and specificity between prospective and retrospective CT patient-

based studies with sensitivity and specificity respectively of 71% (CI:30-94%) and 95% (CI:84-99%) 

versus 68% (CI:54-81%) and 93% (CI:82-97%). Comparing type of CT scanner (spiral/multi-detector) 

and year of publication (2010/>2010) did not show significant differences (Appendix 3). There was 

not enough data available to compare primary tumors (ovarian/gastric) and slice-thickness (</> 

5mm).  

Figure 3: Hierarchical summary receiver operating curves (HSROC) for the diagnostic performance of (a) CT, (b) PET(CT), 

and (c) (DW)MRI for determining the presence of peritoneal metastases on a per region basis. Each circle on the plot 

represents the pair of sensitivity and specificity from a study and the size of the circle is scaled according to the sample size 

of the study. The solid red block represents the summary sensitivity and specificity, and this summary point is surrounded 

by a 95% confidence region (orange dashed line) and 95% prediction region (green dotted line). HSROC curve is plotted as 

curvilinear line passing through summary point. indicates (DW)MRI to have the highest summary point and the highest 

confidence level indicating that from current literature (DW)MRI seems most adequate to detect peritoneal malignancies 

at region-based analysis 
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Figure 4 Forest plots of all studies and their pooled estimates per modality. a CT per region analysis. b PET(CT) per region 

analysis. c (DW)MRI per region analysis. d CT per patient analysis. Each horizontal line represents an individual study with 

the result plotted as a box and the 95% confidence interval displayed as the line. The diamond at the bottom of each plot 

shows the result of the individual studies combined and averaged. The horizontal lines of the diamond are the limits of the 

95% confidence intervals. From the forest plots, the specificities of all three modalities seem to perform similarly however 

the sensitivity of (DW)MRI is higher than that of CT and PET(CT) and PET-CT at region-based detection of peritoneal 

metastases. For each modality, the degree of heterogeneity between the studies is indicated by the I2 statistic in the left 

bottom corner  
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Discussion 
This meta-analysis showed that (DW)MRI provided the highest sensitivity for detecting peritoneal 

metastases in patients with gastrointestinal or ovarian tumors. PET(CT) shows a lower, albeit not 

significant, diagnostic performance than (DW)MRI: pooled sensitivity, specificity and DOR for 

PET(CT) 80%(CI:57-92%); 90%(CI:80-96%); 36.5(CI:6.7-199.5) and for (DW)MRI 92%(CI:84-96%); 

85%(CI:78-91%); 63.3(CI:31.5-127.3) respectively. However, (DW)MRI is more easily available in daily 

practice than PET(CT) and is, therefore, potentially the imaging method of choice. CT demonstrated 

the lowest sensitivity rate compared to (DW)MRI and PET(CT) (68%(CI:46-84%)).  

As radiological manifestations of PM are variable and can be subtle, interpretation may be 

challenging. At present, there is no accepted reference standard for imaging peritoneal metastases. 

In this meta-analysis CT by far comprised the largest dataset, reflecting that in most centers, this is 

currently the preoperative imaging method of choice for diagnosing PM. This is probably due to its 

availability, speed of acquisition, and familiarity. In the literature, the reported sensitivity of CT in 

diagnosing PM ranges widely from 25 to 90% [2, 40]. Detection of peritoneal implants on CT is 

strongly influenced by lesion size, location, and presence of ascites [41]. Studies report a sensitivity 

of detection of individual peritoneal implants < 1,0 cm ranging from only 9.1-50% and of nodules < 

0,5 cm only 11% [40, 42]. This is mainly caused by its limited contrast resolution, making small 

nodules hardly discernible from adjacent normal tissue. As a result, CT consistently and significantly 

underestimates the peritoneal tumor load. Substantial understaging of PM is undesirable, as it 

erroneously labels patients as operable, which might lead to futile surgery.  

Functional imaging techniques like PET-CT and DW MRI seem to overcome some of the limitations 

of CT. Both techniques show high contrast between tumor and surrounding tissue (signal to noise 

ratio). In addition to detailed anatomical data, PET-CT reflects increased glucose metabolism in 

tumors, whereas DW MRI reflects tumoral cellularity. The advantage of PET-CT is that it is a total 

body imaging technique that can detect distant metastases elsewhere. Its major drawbacks are 

radiation exposure, higher cost, limited depiction of small tumor volumes (current spatial resolution 

4 mm). MRI is radiation-free, and with a dedicated protocol, it might detect smaller peritoneal lesions 

potentially missed by PET-CT. Potential drawbacks of DW MRI are false-positive findings caused by, 

for instance, postoperative abnormalities or lymph nodes.   

A recent meta-analysis on the diagnostic accuracy of 18F-FDG PET/CT for detection of peritoneal 

carcinomatosis of various cancers found a sensitivity and specificity of respectively 87% (CI 0.77-0.93) 

and 92% (CI 0.89-0.94)[43]. In the first prospective study evaluating the diagnostic value of whole-

body DW MRI compared to CT and PET-CT in assessing peritoneal staging in ovarian cancer patients, 
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Michielsen et al. reported accuracies of 91%, 75%, and 71%, respectively. In particular, mesenteric 

and serosal deposits and subcentimetric lesions were better described by DW MRI than by CT [33]. It 

must be emphasized that this study used a dedicated MRI protocol that, besides DWI and post-

contrast series, included proper bowel preparation combining antispasmodics with negative oral 

contrast fluid to suppress signal from bowel content. Combined gadolinium-enhanced and DWI 

images, in addition to morphological sequences, have to highest accuracy compared with either 

sequence alone [33, 44, 45]. In our experience, too, these sequences further complement each in 

many instances, hereby reducing false readings. Unfortunately, the number of MRI studies in this 

meta-analysis was insufficient to perform a sub-analysis between studies using both DWI and post-

gadolinium series versus those using only post-gadolinium series in addition to morphological 

sequences.  

Despite the suboptimal performance of CT, a previous meta-analysis on the diagnostic performance 

of CT and (DW)MRI for detecting peritoneal metastases still concluded that CT should be the 

preferred imaging modality for detecting peritoneal metastases [46]. This conclusion, however, was 

mainly drawn based on the robustness of data as the number of included MRI studies at that time 

was much smaller than the number of included CT studies (3 versus 19). More recent literature 

demonstrates that MRI with DW sequences significantly outperforms CT to estimate the spread of 

PM, overall staging, and prediction of operability in colorectal cancer patients [47, 48]. 

A strength of this study is that it is the first meta-analysis that could include enough MR studies to 

compare all currently available imaging techniques used to assess the peritoneal disease. However, 

there are also several limitations. Although heterogeneity of included patient groups was fairly 

limited (primary staging, only gastrointestinal and ovarian tumors), there remained considerable 

heterogeneity in study design and imaging variables (e.g., scanners, protocols, sequences, 

intravenous/oral contrast, readers' profession, and experience). Second, in more than half of the 

included studies, whether the reference standard results were blinded to index test results was 

unknown. An explanation for this might be that most articles were published in radiological journals 

with less emphasis on surgical and histopathological aspects. In another three studies, reference 

standard results were reported not to be blinded to index test results. 

Moreover, reference standards ranged from histopathological analysis to surgical findings to 

radiological follow-up. This may have introduced interpretation bias. Third, although the original 

search terms of this study included ovarian and gastrointestinal primaries, the vast majority of the 

included non-ovarian studies consisted of cohorts with merely gastric cancer patients. In just three 

studies, patients with colorectal or appendix tumors were included. Lastly, since PET imaging is 
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uncommon in patients with mucinous primary tumors because of its very low sensitivity in detecting 

these tumors, studies comprising exclusively mucinous tumors were excluded from this meta-

analysis. In our opinion, including this patient population would have led to a bias because the CT, 

MRI and PET imaging results would be compared while different populations were studied for each 

modality. 

In summary, the detection of peritoneal metastases plays an important role in the accurate staging 

of cancer patients, helping to guide patient management optimally. With all currently available and 

promising surgical and oncological treatment options, there is an increasing demand for preoperative 

detection of peritoneal disease to tailor the right treatment for an individual patient. This meta-

analysis suggests that (DW)MRI is the preferred imaging method to assess peritoneal tumor load. In 

the future, DW-MRI is expected to be increasingly implemented alongside and above CT and PET-CT 

as a standard workup tool for imaging peritoneal metastases.   
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Histological type and differentiation grade (%) 
- High grade serous 
- Intermediate serous 
- Low grade serous 
- Serous, diff grade unknown 
- Mucinous 
- Clear-cell 
- Low grade endometrioid 
- Mixed (endometrioid/clear cell) 
- Unspecified 

 
259 (82.0%) 
3 (0.9%) 
14 (4.4%) 
22 (7.0%) 
2 (0.6%) 
5 (1.6%) 
1 (0.3%) 
1 (0.3%) 
9 (2.8%) 

Mean serum CA 125 levels in kU/l (SD) 
- at diagnosis  
- last measurement before interval CRS 

 
1601 (±2272) 
191 (±415) 

Median number of cycles of neoadjuvant chemotherapy 
(range) 

3 (3-7) 

Previous CRS attempt 25 (7.9%) 

Adhesiolysis performed 94 (29.7%) 

Median 7RC (range) 4 (0-7) 

Miliary disease (%) 
- None 
- Limited 
- Extensive 

 
103 (32.6%) 
69 (21.8%) 
144 (45.6%) 

Colon segment involvement (%) 
- None 
- Single localization 
- Multiple localizations 

 
222 (70.3%) 
60 (18.9%) 
34 (10.8%) 

Small bowel involvement (%) 38 (12.0%) 

Upper abdominal organ involvement (%) 
- None 
- Single organ 
- Multiple organs 

 
272 (86.1%) 
33 (10.4%) 
11 (3.5%) 

Outcome of surgery (%) 
- Complete 
- Optimal 
- Incomplete  

 
183 (57.9%) 
94 (29.7%) 
39 (12.3%) 

HIPEC  22 (7.0%) 

Median number of cycles of adjuvant chemotherapy 
(range) 

3 (0-9) 

SD Standard Deviation 
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MRI with diffusion-weighted imaging to predict the feasibility of complete cytoreduction with 

the peritoneal cancer index (PCI) in advanced-stage ovarian cancer patients 

Abstract 

Objectives 

To determine the diagnostic performance of MRI with diffusion-weighted imaging (DW-MRI) in 

assessing the peritoneal tumor load and predicting whether a complete cytoreduction can be 

achieved in patients with epithelial ovarian cancer (EOC). 

 

Methods 

For this prospective observational study, 25 patients with epithelial ovarian cancer scheduled for 

cytoreductive surgery were included. Patients underwent a 3T DW-MRI scan before surgery. The MR 

protocol consisted of a T1 and T2 weighted, a contrast-enhanced T1 weighted, and a diffusion-

weighted (b0, b1000) sequence. The Peritoneal Cancer Index (PCI) was determined on DW-MR 

images (MRI-PCI) by two readers, independently, and was compared to the PCI determined during 

surgery (S-PCI). The inter-observer agreement between the two radiologists was evaluated. In 

addition, receiver operating characteristics curves were calculated for predicting complete 

cytoreduction with the S-PCI and MRI-PCI.  

 

Results  

Staging with DW-MRI correlated to surgical staging with an intraclass correlation coefficient (ICC) of 

0.86 and 0.85 for readers 1 and 2, respectively. Inter-observer agreement was excellent with an ICC 

of 0.90 (95% CI: 0.64-0.96). The MRI-PCI scores of reader 1 (AUC= 0.96), reader 2 (AUC= 0.98), and 

the S-PCI (AUC= 0.92) showed similar predictive values for complete cytoreduction.  

 

Conclusion  

DW-MRI is accurate in predicting the S-PCI and can be helpful in predicting whether a complete 

resection in ovarian cancer patients is feasible.  
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MRI with diffusion-weighted imaging to predict the feasibility of complete cytoreduction with 

the peritoneal cancer index (PCI) in advanced-stage ovarian cancer patients 

Introduction 

Most patients with epithelial ovarian cancer (60-80%) are diagnosed at an advanced stage with 

regional or distant metastases [1]. Typically, ovarian cancer patients present with peritoneal 

carcinomatosis, often due to direct intraperitoneal seeding from the tumor to the various regions 

within the peritoneal cavity via the peritoneal fluid [2]. The location and extent of the peritoneal 

involvement greatly influence the chance of successful cytoreductive surgery (CRS), which 

determines long-term prognosis [3-5].  

If possible, primary CRS is preferred, followed by 

adjuvant chemotherapy. If primary CRS is not feasible 

due to the extent of the disease, neoadjuvant 

chemotherapy followed by interval CRS and adjuvant 

chemotherapy is performed. Recently, the use of 

hyperthermic intraperitoneal chemotherapy (HIPEC) 

was shown as a promising additional treatment option 

for select patients undergoing interval CRS [6]. In any 

case, the decision of whether a successful surgical 

cytoreduction is feasible can be a challenge in this 

patient group. Currently, this decision is made based 

on physical examination, performance status, tumor 

biomarkers, and findings on computed tomography 

(CT). Complete CRS is often infeasible in the presence 

of extensive peritoneal carcinomatosis, which would 

necessitate the need for multiple organ resections 

and extensive peritoneal stripping, thereby exposing 

the patient to morbidities that outweigh the potential 

benefit of cytoreduction. In gastrointestinal cancers, the extent of the peritoneal involvement is 

described using the Peritoneal Cancer Index (PCI), an internationally validated surgical score that 

combines both the volume and location of peritoneal lesions (figure 1) [7]. The prognostic value of 

the PCI has been well established for predicting complete cytoreduction and disease-free and overall 

survival in colorectal cancer [8-11]. This scoring system has also been successfully implemented in 

patients with ovarian cancer and has shown prognostic and predictive value on the outcome of 

cytoreductive surgery [12-15]. However, unlike colon cancer, a consensus has yet to be determined 

over a scoring system for ovarian cancer to determine to proceed with surgery. 

Figure 1 Schematic drawing of the Peritoneal 
Cancer Index as described by Jacquet and 
Sugarbaker[7]. (Courtesy of E.M.L.E. Jansen) 
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Diagnostic laparoscopy has shown to be an effective tool to determine the peritoneal tumor load and 

identify patients at risk of residual disease after surgery [16]. However, this invasive procedure has a 

patient burden risk of intraoperative complications [17, 18]. Naturally, a non-invasive tool for 

peritoneal load assessment would be of great value to both treatment and surgical planning. 

Unfortunately, CT cannot accurately predict the extent of peritoneal involvement [19-23] and thus 

has limited ability to predict suboptimal cytoreduction in ovarian cancer patients [24-27]. Studies 

describing an external validation of CT-based prediction models showed accuracies of 0.34-0.67 [26]. 

Magnetic resonance imaging, including diffusion-weighted sequences (DW-MRI), has a better soft-

tissue contrast resolution and potentially allows for the detection of small peritoneal lesions (<5 mm) 

that are often missed on CT [28]. Recently, DW-MRI has shown promising results for diagnosing and 

staging ovarian cancer [24, 29]. In colorectal cancer, DW-MRI has recently been shown to predict 

resectability with high accuracy of 0.90-0.96 using the PCI solely as a cut-off criterion [30]. However, 

its potential for predicting PCI in advanced-stage ovarian cancer patients has not been investigated 

yet.  

Therefore, the purpose of this study is to assess the potential of DW-MRI in predicting the peritoneal 

cancer index (PCI) in advanced-stage ovarian cancer patients and predict whether a complete 

cytoreduction can be achieved. To the best of our knowledge, the present study is the first to describe 

the PCI using DW-MRI in an exclusively ovarian cancer cohort.  
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Methods and Materials 

Patients 

The institutional ethics review board approved this prospective observational cohort study. 

Advanced stage ovarian cancer (FIGO stage IIb and above) patients were included and provided 

written informed consent. All patients were considered for cytoreductive surgery and scheduled for 

either diagnostic laparoscopy or exploratory laparotomy from June 2016 to May 2018. Patients are 

considered for cytoreductive surgery if the initial diagnostic workup (including physical examinations, 

hematological-biochemical examinations, tumor biomarkers, and CT scans) considers a successful 

CRS feasible. If the initial diagnostic workup is inconclusive, diagnostic laparoscopy serves as a 

complementary resectability assessment. If there are indications of an unresectable disease load, 

patients were treated with neoadjuvant chemotherapy and interval cytoreductive surgery after 

positive response assessment with CT. Patients with contra-indications for MR-imaging (e.g., 

claustrophobia, pacemakers, metallic foreign bodies) were excluded from participation. 

Imaging 

Patients underwent a DW-MRI scan prior to surgery. The scans were performed on a 3T MR scanner 

(Achieva or Ingenia, Philips Healthcare, Best, NL) using an external phased-array coil. The dedicated 

MR protocol consisted of a T2 (SS TSE) weighted sequence, a diffusion-weighted (SS EPI with fat 

suppression) sequence, and T1 weighted (mDixon 3D FFE) sequences pre- and post-gadolinium 

administration (gadoterate meglumine, 0.5 mmol/ml, Dotarem®; Guerbet ), as previously described 

by Van 't Sant et al. [30]. T1 and T2 imaging were acquired in the axial and coronal plane, and 

diffusion-weighted imaging was acquired in the axial plane with coronal reconstruction. The 

diffusion-weighted sequence parameters include a b-value of 0 s/mm and 1000 s/mm. Apparent 

diffusion coefficient (ADC) maps were calculated from the diffusion-weighted images. All pulse 

sequences were performed using free-breathing acquisition techniques except for the T1 weighted 

imaging, which is respiration-triggered and is acquired at expiration. One hour before the scan, 

patients were requested to drink 1 liter of unaltered pineapple juice. The pineapple juice acts as an 

intraluminal negative oral contrast agent due to the high manganese content. An antispasmodic 

agent was also administered (butylscopolamine bromide, Buscopan®, 20 mg/ml, Boehringer 

Ingelheim). The total scan time was 35 min. 
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Radiological Evaluation 

Two abdominal radiologists with 10 and 5 years of experience in reading DW-MRI evaluated the 

images independently. Figures 2 and 3 show examples of peritoneal lesions as seen on T2 and DW 

images. Upon visual assessment, lesions were considered suspicious of being malignant if they 

showed peritoneal tumor nodules/masses involving the peritoneum, omentum, or mesentery with 

post-contrast enhancement or restricted diffusion indicated by a high signal on the DWI images. 

Peritoneal thickening with post-contrast enhancement or restricted diffusion indicated by a high 

signal on the DWI images was also considered malignant disease. Both radiologists used a surgically 

validated scoring system, the Peritoneal Cancer Index (PCI), as described by Sugarbaker et al. [31], to 

assess the extent of peritoneal metastases on MRI (MRI-PCI). The PCI identifies 13 regions of the 

abdomen, of which four are reserved for the small bowel. For each region a lesion size score of 0-3 is 

assigned based on the tumor size (0= no tumor visible; 1= tumor <0.5cm; 2= tumor <0.5-5cm; and 3= 

tumor>5cm or confluent respectively). 

 

Figure 2 T2 weighted (right) and diffusion-weighted (left) MR image of omental lesions (arrows) (region 0 of the PCI) in 

a 72-year-old patient with FIGO IIIC ovarian cancer. The lesion on the right can clearly be seen on both T2 and DWI. The 

small (<5mm) omental lesions would have been easily missed on T2 alone and likely not seen on CT. Lesions were resected 

at cytoreductive surgery and confirmed malignant at pathology. 

 

Surgical Evaluation 

At exploratory laparotomy or diagnostic laparoscopy, the abdominal cavity of each patient was 

systematically evaluated to determine the extent of disease and to decide whether complete or 

optimal cytoreductive surgery is feasible by at least one gynecological oncologist and in case of an 

incomplete CRS, a 2nd gynecological oncologist was consulted to confirm that successful surgery was 
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infeasible. Reasons for not being able to resect all visible diseases were extensive agglutinated intra-

abdominal disease requiring (multiple) bowel resections and resection of the stomach or spleen or 

liver; extensive serosa involvement of the bowel requiring multiple resections (>1.5m bowel resection 

needed); extensive disease at diaphragmatic level (1>cm in diameter). Based on this exploration, the 

S-PCI was determined as described above and served as the reference standard. The final surgical 

outcome was recorded and labeled as complete (no visible residual tumor), optimal (up to 1 cm of 

residual tumor), incomplete (more than 1 cm residual tumor), or not feasible (as determined by 

diagnostic laparoscopy). 

Data Analysis 

Statistical tests were performed using R statistical software (version 3.5.1, R Foundation for statistical 

computing, Vienna, Austria). Inter-observer agreement between the two radiologists and the MRI-

PCI and S-PCI was determined using the Intraclass Correlation Coefficient (ICC). The PCI scores of the 

gynecologists were also compared to the MRI-PCI scores of the two respective radiologists using 

Bland-Altman analysis. Receiver Operating Characteristics (ROC) curves were calculated to compare 

the diagnostic value of S-PCI and MRI-PCI to predict whether complete cytoreduction could be 

achieved. 
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Figure 3 T2 weighted (right) and diffusion-weighted (left) MR images of other disease localizations: a. A retro-hepatic 

peritoneal lesion (arrow) (region 1 of the PCI) in a patient with FIGO IIIC ovarian cancer. The lesion is delineated on the T2 

weighted images and is not to be missed on the DW image. The lesion was resected at cytoreductive surgery and confirmed 

malignant at pathology. b. A lesion (arrow) in the falciform ligament (region 2 of the PCI) in a 50-year-old patient with FIGO 

IV ovarian cancer. Also, a large amount of ascites can be seen. The lesion was found at open exploration but no 

cytoreduction took place because the tumor load was deemed too extensive to be feasible. 
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Results 

Patients 

Twenty-eight patients were included, of which 

three were not evaluable and therefore excluded; 

one patient had contra-indications for MRI, one 

patient was found to have colorectal rather than 

ovarian cancer in the definitive histology, and one 

patient since no reliable S-PCI could be determined 

due to extensive fibrosis. Baseline characteristics of 

25 patients that constituted the final study cohort 

are presented in Table 1. The majority of patients 

showed serous histopathology and had FIGO stage 

III. The mean age of the patients was 62 years (SD: 

±9). Seventeen patients received neoadjuvant 

chemotherapy. The abdominal assessment was 

done during exploratory laparotomy in 20 patients 

and during diagnostic laparoscopy in 5 patients. In 

17 patients, surgery was feasible and complete. In 4 

patients, optimal cytoreductive surgery was 

achieved. In four patients, the tumor load was 

deemed too extensive for a successful cytoreductive 

surgery. 

  

 

Table 1 Patient characteristics (n=25) 

Mean age in years (SD) 62 ( ±9) 

Histological type 

• Serous 

• Mucinous 

• Endometrioid 

• Borderline 

• Undifferentiated 

 

21 

0 

2 

1 

1 

FIGO Tumor Stage 

• IIb 

• III 

• IV 

• Recurrent 

 

 3 

11 

 6 

 5 

Mean serum tumor markers (SD) 

• CA125 

• HE4  

 

185 kU/l ( ±296) 

210 pmol/l ( ±253) 

Neoadjuvant chemotherapy  17 

Surgical exploration  

• Exploratory laparotomy 

• Diagnostic laparoscopy 

 

20 

5 

Surgical Outcome 

• Complete 

• Optimal 

• Not feasible 

 

17 

4 

4 
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S-PCI vs. MRI-PCI 

Figure 4 shows the Bland-Altman plots comparing the MRI-PCI of both readers with the S-PCI. The 

mean S-PCI was 10.62 ( SD: ±7.9). The mean MRI-PCI was 12.44 (SD: ±10.3) for reader 1 and 9.76 (SD: 

±8.8) for reader 2. The MRI-PCI scores of both readers 1 and 2 showed a good correlation with the S-

PCI, showing an intraclass correlation coefficient (ICC) of 0.86 (95% confidence interval (CI): 0.70-

0.94) and 0.85 (95% CI: 0.70-0.93), respectively. The average difference between the MRI-PCI and S-

PCI was 1.88 (±4.50) for reader 1 and -0.80 (±4.53) for reader 2. Staging the PCI with DW-MRI, readers 

achieved an intraobserver agreement with an intra-class correlation coefficient of 0.90 (95% CI: 0.64-

0.96).  
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Figure 4: Bland Altman plot of the MRI-PCIs of reader 1 (circles and solid lines) and 2 (triangles 

and dashed lines) compared to the S-PCI. In a Bland-Altman plot, the difference between the 

MRI-PCI and the S-PCI is plotted against the mean of the two measurements per patient. 

Reference lines are added representing the mean difference (middle lines) and the mean 

difference ± 1.96 times the standard deviation of the differences (top and bottom lines), also 

called the Limits of Agreement. All but two points lay between the Limits of Agreement, one for 

each reader. 
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PCI vs. Surgical outcome 

Figure 5 shows the Receiver operating characteristics (ROC) curves indicating both readers' 

performance as well as the performance of the S-PCI to select patients for whom a complete 

resection was feasible. The MRI-PCIs of reader 1 and 2 showed AUCs of respectively 0.96 (95% 

confidence interval: 0.89-1.00) and 0.98 (95% confidence interval: 0.94-1.00). In this small patient 

cohort, the most optimal PCI cut-off would be 20 for reader 1 and 15 for reader 2, in both cases with 

sensitivities of 1.00 and specificities of 0.88. The performance of the MRI-PCI is similar to that of the 

S-PCI, which showed an AUC of 0.93 (0.82-1.00). 
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Figure 5 Receiver operating characteristics (ROC) curve of the MRI-PCI of reader 

1 (solid line) and 2 (short dashed line) and the S-PCI (long dashed line) of the 

gynecological oncologists to predict whether complete cytoreduction was 

feasible. 
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Discussion 

In the patient cohort, the MRI-PCI seems equally accurate to surgical inspection (S-PCI) to select 

patients in which a complete resection could be achieved.  

Our results are in concordance with the study of Michielsen et al., which demonstrated that DW-MRI 

was 95.7% accurate (whereas CT was only 71.3% accurate) in predicting incomplete resection by 

identifying specific high-risk disease localizations such as peritoneal disease by the duodenum, 

stomach, or celiac trunk and diffuse serosal carcinomatosis in patients with ovarian cancer [24]. 

Similarly, by comparing the detection of specific presentations of intra-abdominal disease with DW-

MRI to exploratory laparotomy, Espada et al. created their predictive score for suboptimal 

cytoreductive surgery, which showed similar AUC values as in this study, namely 0.94 for DW-MRI 

and 0.95 for exploratory laparoscopy [32]. For this predictive model, 1 point was given to each of 9 

different disease presentations such as milliary visceral peritoneum implants, massive ascites, and 

diaphragm involvement. Currently, surgical staging is the most accurate manner available to assess 

the extent of peritoneal metastases in advanced-stage ovarian cancer patients. Diagnostic 

laparoscopy has been shown to reduce the number of unsuccessful laparotomies from 39% to 10% in 

a randomized controlled setting for ovarian cancer patients considered for primary cytoreductive 

surgery [16].  

Additionally, in the laparoscopy group, 38% of patients were diverted from primary cytoreductive 

surgery and were given neoadjuvant chemotherapy for interval cytoreductive surgery. However, 

diagnostic laparoscopy remains a surgical procedure with a risk of either intra- and postoperative 

complications (6.2-22%) [17, 18] or port-site metastases [33]. This means there is a need for other 

diagnostic strategies such as DW-MRI.  

Diffusion-weighted imaging is well known to support oncological imaging by aiding the identification 

of tumor tissue and assessing tumor response to treatment. In this case, the b1000 diffusion-

weighted imaging is exploited to identify suspicious lesions correlated anatomically with T2 imaging. 

However, common pitfalls in assessing b1000 images can be "T2 shine-through" and normal lymph 

nodes, which are high on b1000 images, leading to false positives if misinterpreted. Knowledge of 

clinical and histological information is vital to the interpretation of diffusion-weighted imaging and 

conventional T2 weighted and T1 weighted imaging for good anatomical correlation. Ascites do not 

hamper the interpretation of DWI images because ascites will be hypointense on b1000 images while 

tumor will be hyperintense. However,  mucinous tumors can also mimic ascites and show high ADC 

values, leading to false negatives [34]. 
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The S-PCI scores in this study (AUC: 0.93) seemed to perform somewhat better in predicting 

complete cytoreduction than those previously reported. In a study by Lampe et al., the PCI was 

retrospectively determined from the surgical reports of 98 patients with FIGO III-IV stage ovarian 

cancer, and the obtained PCI showed an AUC of 0.84 for identifying patients with a complete 

cytoreduction [14]. Similarly, a large retrospective Danish study of 507 ovarian cancer patients (FIGO 

III-IV) showed that S-PCI could be used to detect patients with a complete cytoreduction with an AUC 

of 0.75-0.79 [15]. PCI cut-off points can be helpful for patient selection. The most optimal cut-off point 

differed between radiologists in this patient cohort by five points (15 and 20). Using these cut-offs, 

both readers were able to identify all actual complete resections (no residual disease) and under-

staged one patient who received an optimal resection (residual tumor present under 10mm), instead. 

In literature, S-PCI cut-off points were suggested of 16 and 20 to predict complete and optimal 

(residual tumor present under 10mm), respectively are suggested[35, 36].  

The difference between the cut-offs of both readers can be explained by the small patient numbers 

in this pilot study. In order to conclusively determine the ability of DW-MRI to describe the 

distribution and extent of disease accurately, a larger study population will be needed. Currently, a 

multicenter prospective study (NCT03399344) is running to follow up on these results. In the current 

study, a CT-PCI was disregarded in the analysis because, for patients receiving neoadjuvant 

chemotherapy, the CT evaluation is performed after two cycles, whereas the DW-MRI was performed 

just before surgery. The possible confounding effect of the last third chemotherapy cycle was 

deemed too large for a fair assessment of the disease load found during surgery. In this pilot cohort, 

the majority (17/25%) of patients received neoadjuvant chemotherapy. 

If the promising results of our study are validated in larger cohorts and DW-MRI were to show a similar 

diagnostic value as diagnostic laparoscopy, then DW-MRI should be regarded as a robust non-

invasive selection tool to determine whether a complete resection is feasible in advanced ovarian 

cancer patients.  
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Abstract  

 

Purpose 

Right-sided colon tumors with peritoneal metastases (PM) are associated with a poorer prognosis 

than left-sided tumors. We hypothesized that a different pattern of spread could be characterized 

with abdominopelvic MRI. The objective of this study was to explore the spread of PM in relation to 

the primary tumor location on MRI. 

 

Methods 

This is a retrospective cohort study of patients with PM from colon cancer referred to be considered 

for CRS-HIPEC at a single tertiary referral center. Patients with colon cancer were eligible if they had 

undergone an abdominopelvic MRI scan following a clinical diagnosis of PM. The frequency of 

affected PCI regions on MRI (MRI-PCI) was assessed and compared between tumor sidedness. 

 

Results 

One hundred eighteen patients were included with a median age of 65 (IQR: 56-72). 46% percent 

were male. The median MRI-PCI was 10 (IQR: 5-16) and 8 (IQR: 4-11) for right- and left-sided tumors, 

respectively (p=0.39), and the median number of affected regions was 4 (IQR: 2-7 for right-sided and 

IQR 2-5 for left-sided tumors). PM was most frequently found close to the primary tumor. The odds 

ratio of patients with PM of left-sided to be affected with PM in the upper abdominal regions was 

0.42 (95% CI: 0.20-0.90) and with PM on the small bowels or mesentery was 0.42 (95% CI: 0.19-0.92) 

over a patient with PM of right-sided colon cancer. 

 

Conclusion  

MRI can help to assess the spread of PM in colonic cancer. In right-sided tumors, the small bowel and 

upper abdominal regions are more frequently affected. Word count: 248 
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Introduction 

The extent of peritoneal metastases (PM) is a major prognostic factor for overall survival in patients 

with colon cancer and determines whether complete cytoreductive surgery (CRS) is feasible [1-3]. 

Numerous other factors have also been shown to be associated with overall survival after CRS with 

hyperthermic intraperitoneal chemotherapy (CRS-HIPEC), such as BRAF mutation [5, 6], lymph node 

status [6-8], and signet ring cell histology [5, 7]. Primary tumor location also affects survival. 

Generally, right-sided colon tumors are associated with a worse prognosis [9, 10]. This is also true for 

patients with PM, specifically [11-16]. The two-colon concept of colon cancer is a well-established 

theory supported by different embryological originss, intraluminal physiology, and different 

mechanisms of tumorigenesis [17, 18]. We hypothesize that these differences in the biology and 

anatomical environment of colon tumors are also reflected in the spread pattern of PM. 

Dissemination from the primary tumor can occur after an individual tumor cell, or a cluster of tumor 

cells detaches and then spreads to different regions of the peritoneal cavity. This spread is influenced 

by a variety of actors, namely gravity, peristaltic bowel movements, and fluctuations in 

intraperitoneal pressure during respiration that transport the tumor cells alonganatomical structures 

to ligaments and fossae [19, 20], which is followed by metastatic implantation by either 

transmesothial or translymphatic mechanisms [21, 22]. Because these routes of peritoneal spread 

might differ between left- and right-sided primary tumor locations, it can contribute to the prognosis 

of left- and right-sided tumors with PM. 

Recent developments have shown that abdominopelvic magnetic resonance imaging (MRI) with 

diffusion-weighted imaging, significantly improves the staging of PM [23-26], as compared to 

computed tomography (CT). MRI allows for the detection and evaluation of the distribution of colonic 

PM without invasive measures and, therefore, may aid in a better understanding of the patterns of 

PM spread in colon cancer in a broader cohort of patients. Theis study aims to explore the natural 

distribution of colonic PM relative to the primary tumor location with MRI at the time of diagnosis.  
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Methods 

This was a single-center retrospective cohort study of patients with PM of colon cancer treated at the 

Netherlands Cancer Institute, a tertiary referral center in The Netherlands, between February 2016 

and November 2019. The study protocol was approved by the local Institutional Review Board 

(reference number: IRBd18048). Informed consent was waived. Patients were eligible for this study 

if abdominopelvic MRI was performed on patients with known PM from colon cancer within 90 days 

of the clinical diagnosis (established during surgical assessment, biopsy, or after considering imaging 

and biomarkers during a multidisciplinary meeting). During this period, MRI was routinely performed 

as part of the clinical diagnostic workup towards CRS-HIPEC, unless the patient was ineligible for an 

MRI scan or if any recent previous surgical staging from the referring institution was deemed 

adequate for clinical decision making. Patients underwent an MRI scan with a dedicated peritoneal 

staging protocol, as described previously [24]. The MR protocol consists of diffusion-weighted 

imaging  of the chest, abdomen and pelvis in the axial plane (b0, b1000) and T2-weighted imaging 

and pre- and post-contrast T1-weighted imaging of the abdomen and pelvis in the axial and coronal 

plane (coronal imaging and the axial T1-weighted imaging also includes the chest). The scan time of 

the protocol is 35 minutes. All imaging was performed on a 3T MR system (Achieva or Ingenia, Philips 

Healthcare, Best, NL). Patients who had undergone neoadjuvant chemotherapy or cytoreductive 

surgery of the PM between diagnosis and MRI imaging were excluded. Patients were categorized into 

right-sided colon cancer and left-sided colon cancer patients, divided by the splenic flexure. 

MRI evaluation 

During the study period, the peritoneal cancer index (PCI), a scoring system to describethe presence 

and size of PM lesions in 13 specified anatomical regions in the abdomen, was routinely estimated 

and reported on MRI. For each of the 13 regions a lesion size score of 0-3 is assigned based on the 

tumor diameter of the largest lesion in the region (0= no tumor visible; 1= up to 0.5cm; 2= between 

0.5 and 5cm; and 3= more than 5cm or confluent lesions). Regions were considered affected if the 

radiologist assigned a lesion size score of at least one or higher to the region. The distribution of PM 

was derived from the radiology report. All MRI scans with this dedicated peritoneal staging protocol 

are reported by one of two abdominal radiologists with a special interest in peritoneal surface 

malignancies (with 5 and 10 years of experience with diffusion-weighted MRI) or by another 

abdominal radiologist under the supervision of one of these two radiologists (occurred five times in 

our study cohort). .  
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Statistical Analysis 

Continuous data were expressed in median and interquartile ranges (IQR) to summarize the patient 

cohort characteristics. The Mann-Whitney U test was used to compare for continuous non-

parametric variables. Categorical variables were expressed in numbers and percentages. A heat map 

showing the proportion of patients with each region of the PCI affected was constructed. For the 

purpose of the current study, the abdomen was also divided into five areas: the upper abdomen 

consisting of the PCI regions 1 to 3, the lower abdomen consisting of the PCI regions 5 to 7, the right 

flank consisting of PCI regions 1, 7 and 8, the left flank consisting of the PCI regions 3 to 5, and the 

small bowel consisting of the PCI regions 9 to 12. The associated odds ratios of having disseminated 

to any of these areas and their estimated 95% confidence intervals were calculated with the mid-p 

exact test by tumor-sidedness. All analysis was performed using R statistical software (version 4.0.2. 

The R Foundation for Statistical Computing, Vienna, Austria). A p-value of <0.05 was considered 

statistically significant.  

112 



Chapter 5 

Differences in the distribution of peritoneal metastases in right-versus left-sided colon cancer on 
MRI 

v 

 

  

Table 1. Patient characteristics   

Study population, n=118 Right-sided, 
n=54 

Left-sided, 
N=64 

p-value 

Median age (IQR), years 68 (58-73) 64 (55-73) 0.13 

Sex, male (%) 21 (38.9%) 34 (53.1%) 0.13 

Tumor type (%) 
- Adenocarcinoma 
- Mucinous adenocarcinoma 
- Signet cell 
- Mixed 
- Missing 

 
37 (68.5%) 
8 (14.8%) 
3 (5.6%) 
2 (3.7%) 
3 (5.6%) 

 
51 (79.7%) 
11 (17.2%) 
1 (1.6%) 
1 (1.6%) 
1 (1.6%) 

0.99 

Tumor location (%) 
- Cecum 
- Ascending colon 
- Hepatic flexure 
- Transverse colon 
- Splenic flexure 
- Descending colon 
- Sigmoid colon 
- Recto-sigmoid junction 

 
24 (20.3%) 
13 (11.0%) 
7   (5.9%) 
9   (7.6%) 
 

 
 
 
 
 
1   (0.8%) 
8   (6.8%) 
50 (42.4%) 
6   (5.1%) 

NA 

T stage (%) 
- T2 
- T3 
- T4 
- Missing 

 
0 (0%) 
21 (38.9%) 
28 (51.9%) 
5 (9.3%) 

 
1 (1.6%) 
32 (50.0%) 
30 (46.8%) 
1 (1.6%) 

0.13 

N stage (%) 
- N0 
- N1+ 
- Missing 

 
7 (13.0%) 
41 (75.9%) 
6 (11.1%) 

 
18 (28.1%) 
43 (67.2%) 
3 (4.7%) 

0.07 

Presentation of PM (%) 
- Synchronous 
- Metachronous 

 
24 (44.4%) 
30 (55.6%) 

 
22 (34.4%) 
42 (65.6%) 

0.27 

Distant metastases at time of diagnosis PM 
(%) 

- Liver 
- Lung 
- Other 

 
 
10 (18.5%) 
1 (1.6%) 
2 (3.7%) 

 
 
10 (15.6%) 
3 (4.7%) 
0 (0%) 

0.61 

CRS-HIPEC (%) 
- No 
- Yes 

 
29 (53.7%) 
25 (46.3%) 

 
21 (32.8%) 
43 (67.2%) 

0.02* 

p-value from Mann-Whitney U test or mid-p exact text where appropriate; NA not applicable; *<0.05  
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Results 

Baseline patient characteristics 

Between February 2016 and November 2019, 163 patients had undergone a dedicated MRI scan 

after diagnosing PM from colon cancer. Forty-six patients had scans made during or after 

neoadjuvant treatment or after three months of the clinical diagnosis; these patients were excluded 

from the analysis. This left a total group of 118 patients included for analysis with a median age of 

65 years (IQR: 56-72) and of whom 46.6% were male. Of these 118 patients, 45.8% and 54.2% had a 

primary tumor in the right and left colon, respectively. Thirty-nine percent of the patients presented 

with synchronous PM, meaning PM detected before or during surgery of primary tumor. For the 

patients presenting with metachronous PM, the median time from primary resection to clinical PM 

was 13 months (IQR: 8-22). A summary of the patient characteristics is presented in Table 1. 

Patterns of spread in right-sided versus left-sided tumors 

No difference in the median MRI-PCI of patients with PM from right-sided colon tumors (10; 

interquartile range: 5-16) and left-sided colon tumors (8; interquartile range: 5-11) was found (p= 

0.39). Neither was there a difference in the number of regions affected, namely 4 (interquartile 

range: 2-7) and 4 (interquartile range: 2-5) regions for both (p= 0.39). The proportion of patients 

with each region of the PCI affected by PM is visualized in Figure 1, stratified by tumor sidedness. 

PM is relatively frequently disseminated to the right upper and epi-gastric region from the right 

side, which includes the right diaphragm, liver surface, and structures around the hepatic hilum. 

Similarly, PM frequently spreads from the right side to the small bowel and mesentery compared to 

the left-sided tumors. PM developed in the pelvic and central regions (including the greater 

omentum, transverse colon and ventral peritoneum) frequently irrespective of primary tumor 

location. Higher proportions were observed in regions related to or adjacent to the primary tumor 

location (figure S1 of the supplementary materials). Figure 2 shows two examples of PM spread 

from the initial primary tumor location (cecum) to the right upper abdomen.  
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Figure 1 Heat maps of the proportion of patients affected per region of the PCI stratified by tumor sidedness: a. Right-

sided and b. Left-sided. The 4 PCI regions of the small bowel (9,10,11,12) can be appreciated to the right of each 3x3 figure 

which is ordered by the PCI. The proportion of patients affected per region is indicated in each corresponding cell.  

Significant differences were observed in the odds ratios for right-sided versus left-sided tumors in 

disseminating to different areas of the abdomen, summarized in table 2. Right-sided tumors more 

often disseminated to the upper abdomen (PCI regions 1, 2, and 3) and the small bowel (p=0.03 and 

p=0.03, respectively). Left-sided tumors more often disseminated locally to the left side of the 

abdomen (PCI regions 3, 4, and 5) (p=0.02). No difference was found between tumor-sidedness and 

dissemination to the right side of the abdomen (regions 1, 7, and 8) or the central abdominal region, 

including the greater omentum and transverse colon (region 0) (p>0.05). The patients with a left-

sided tumor were at higher odds for undergoing CRS-HIPEC than those with a right-sided tumor 

following the diagnosis of PM in this cohort (OR: 2.38, p= 0.02), without showing a difference in 

odds for presenting with concurrent distant metastases (OR: 0.79, p=0.61) or difference in PCI 

(p=0.39). The primary reasons given at the multidisciplinary team meeting for not performing or 

proceeding with CRS-HIPEC are presented in table 3. 
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Table 2. Dissemination differences by tumor-sidedness 

Study population (n=118) Incidence Odds ratio (95% CI)** p-value 

 Right Left  

CRS-HIPEC 25/54 43/64 2.35 (1.12-5.05) 0.02* 

Dissemination to the central 

abdominal region (region 0 of 

the PCI) 

39/54 49/64 1.25 (0.54-2.91) 0.59 

Dissemination to the upper 

abdominal regions (region 1, 2, 

3 of the PCI) 

27/54 19/64 0.42 (0.20-0.90) 0.03* 

Dissemination to the lower 

abdominal regions (region 5, 6, 

7 of the PCI) 

38/54 53/64 2.03 (0.85-4.86) 0.12 

Dissemination to the right 

abdominal regions (region 1, 7, 8 

of the PCI) 

37/54 39/64 0.72 (0.33-1.54) 0.40 

Dissemination to the left 

abdominal regions (region 3, 4, 

5 of the PCI) 

38/54 56/64 2.95 (1.15-7.57) 0.02* 

Dissemination to the small 

bowel or mesentery (region 9, 

10, 11, 12 of the PCI) 

40/54 35/64 0.42 (0.19-0.92) 0.03* 

PCI peritoneal cancer index; 95% CI 95% confidence intervals; p-value from mid-p exact text; *<0.05; 

**with right-sidedness as reference 

 

Figure 2 Illustrative examples of peritoneal spread from the caecum tumor to the right diaphragm (arrows) on coronal 

T2-weighted MRI. a. 77-year-old male patient referred for CRS-HIPEC with a cT4 caecum tumor b. 52-year-old female 

patient referred for CRS-HIPEC with a mucinous cT3 caecum tumor. 
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Discussion 

With MRI, peritoneal metastases can be found close to the primary tumor location followed by spread 

to the greater omentum and low abdominal regions. PM from right-sided colon cancer tends to 

spread more to the upper abdominal regions and the small bowel.  

An important actor of peritoneal cancer spread is the peritoneal fluid flow [19]. Malignant cells are 

carried to the rest of the abdominal cavity by the 

natural flow of the peritoneal fluid. In this study, 

the dominant flow from the lower abdomen to 

the upper abdominal regions via the right 

paracolic gutter [27] was reflected by the fact that 

the right-sided tumors showed more frequent 

dissemination to the upper abdomen, most 

notably the right upper region. A study by 

Franssen et al. reported that in patients with 

diaphragmatic involvement of PM, 97% occurred 

on the right side of the diaphragm and only 31% 

on the left side [28]. The fluid flow illustrated in 

Figure 3, showing a potential route of spread from 

a left-sided colon tumor to the right flank via the 

pelvis, was also reflected by the results in the 

present cohort, as patients with PM from right-

sided colon cancer were not at higher odds to 

have developed PM in the right abdominal 

regions. 

 

 

Interestingly, right-sided tumors spread more often to the small bowel and mesentery, this can be 

explained, similarly, by known ascites flow routes. The mesentery extends from the ligament of Treitz 

to the ileocolic junction. This results in a series of folds forming recesses along the mesentery's right 

side towards the right lower quadrant. These recesses have been shown to collect ascites and thereby 

facilitate seeding in those areas, most notably the around the distal ileum and cecum [29, 30]. The 

anatomical location of the cecum, ascending colon, and transverse colon tumors make it more likely 

for malignant cells to 'descend' into these recesses.  

Figure 3 A schematic drawing of the abdomen which shows 

the peritoneal fluid flows and which ones are most relevant to 

right-sided (R),and left-sided (L) tumors. Adaptation from [4]. 

Courtesy of Milou Jansen. 

117 



Chapter 5 

Differences in the distribution of peritoneal metastases in right-versus left-sided colon cancer on 
MRI 

v 

In this cohort of patients scanned with MRI soon after diagnosis of PM, patients with a right-sided 

colon cancer were less likely to undergo CRS-HIPEC following the diagnosis of PM. Similarly, in a 

population-based cohort study of 7,930 patients with synchronous PM, patients with right-sided 

colon cancer were less often suitable candidates for CRS-HIPEC [31]. Patients with synchronous 

metastatic right-sided colorectal cancer more often had PM with orwithout other metastatic sites 

(M1c) [32]. Left-sided colon cancers more frequently metastasize to lung and liver [33, 34]. Patients 

with left-sided tumors and PM have a higher chance to be amenable for CRS-HIPEC [16], which 

probably reflects less  

aggressive tumor behavior.  

 

 

 

 

 

 

Extensive small bowel involvement is a contraindication for CRS-HIPEC [35, 36]. The small bowel 

more is more often affected in right-sided colon cancers. In addition, extensive disease to the upper 

abdomen such as liver surface, diaphragm, hepatic hilum, and stomach are particularly important 

variables associated with completeness of cytoreduction and are shown to be associated with right-

sided colon cancer. Diaphragmatic involvement has been associated with less optimal cytoreduction 

and longer operation times [28]. Dresen et al. reported a sensitivity and specificity of 1.00 and 0.90-

0.96 for detecting PM in the regions of the small bowel and 0.90 and 0.92 in the right upper region of 

the PCI [23].  

Limitations of this study include its single-center retrospective design and sample size. Selection bias 

is inherently present. Another limitation was the heterogeneous cohort. Future research with larger 

numbers could stratify between histology (e.g., non-mucinous, mucinous, signet cell) and 

chromosomal and microsatellite instability. According to Sugarbaker's distribution models of 

peritoneal spread, mucinous cancer would follow a 'widespread cancer distribution', whereas non-

mucinous colorectal cancer has been described to follow a 'random proximal distribution' [22, 37]. 

The limited cases in this cohort impeded an analysis to address this. 

 

Table 3. Primary reason given for not proceeding to CRS-HIPEC 

Study population, 

n=50/118 

Right sided, 

n=29/54  

Left sided, 

n=21/64 

Extent of disease (PCI>20) 25 (21.2%) 14 (25.9%) 11 (17.2%) 

Patient condition 1 (0.8%) 1 (1.9%) 0 (0%) 

Patient preference 2 (1.7%) 1 (1.9%) 1 (1.6%) 

Inoperable primary tumor 2 (1.7%) 2 (3.7%) 0 (0%) 

Inoperable PM localization 6 (5.1%) 3 (5.5%) 3 (4,7%) 

Distant metastases 14 (11.9%) 8 (14.8%) 6 (9.4)% 

PCI peritoneal cancer index 
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Conclusion 

Colorectal peritoneal metastases occur in the proximity of the primary tumor. The peritoneal spread 

of right-sided colon cancer tends towards the small bowel and upper abdominal regions, regions 

associated with unfavorable sites for CRS. Understanding these spread differences on MRI will aid 

the staging of PM from colon cancer and support the counseling of patients before CRS-HIPEC. 
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Supplimentary materials 

 

Figure S1 Heatmaps of the proportion of patients affected per region of the PCI stratified by primary tumor origin: The 

4 PCI regions of the small bowel (9,10,11,12) can be appreciated to the right of each 3x3 figure which in itself is ordered by 

the PCI. 
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Extent of peritoneal metastases on preoperative DW-MRI is predictive of disease-free and 

overall survival for CRS-HIPEC candidates with colorectal cancer 

Abstract 

Purpose 

To determine whether the extent of peritoneal metastases (PM) on preoperative diffusion-weighted 

MRI (DW-MRI) can be used as a biomarker of disease-free and overall survival in patients with 

colorectal cancer who are considered for cytoreductive surgery and hyperthermic intraperitoneal 

chemotherapy (CRS-HIPEC). 

Methods 

Patients with peritoneal metastases considered for CRS-HIPEC who underwent DW-MRI for 

preoperative staging in 2016-2017 were included for this retrospective cohort study. The DW-MRI 

protocol consisted of diffusion-weighted, T2-weighted, and pre-and post-gadolinium T1-weighted 

imaging of the chest, abdomen, and pelvis. Two independent readers evaluated DW-MRI images to 

determine the extent of PM represented by the Peritoneal Cancer Index (MRI-PCI) and extra-

peritoneal metastases. Cox regression and Kaplan-Meier analysis were performed to determine the 

prognostic value of DW-MRI for overall survival and disease-free survival. 

Results 

Seventy-eight patients were included. CRS-HIPEC was planned for 53 patients and completed in 50 

patients (60.5%). Median follow-up after DW-MRI was 23 months (interquartile range: 13-24). The 

MRI-PCI of both readers showed prognostic value for overall survival, independently of whether R1 

resection was achieved (hazard ratios: 1.06-1.08; p<0.05). For the patients who received successful 

CRS/HIPEC, the MRI-PCI also showed independent prognostic value for disease-free survival for both 

readers (hazard ratios: 1.09-1.10; p<0.05). 

Conclusion 

The extent of PM on preoperative DW-MRI is an independent predictor of overall and disease-free 

survival and should therefore be considered a non-invasive prognostic biomarker.  
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Introduction 

Peritoneal metastases (PM) occur in 8−20% of patients with colorectal cancer [1-3]. Cytoreductive 

surgery with or without hyperthermic intraperitoneal chemotherapy (CRS/HIPEC) provides a 

potentially curative treatment [4, 5] if complete removal of all macroscopic diseases is achieved [6, 

7]. However, this is not always feasible due to extensive peritoneal and/or mesenteric involvement, 

other distant metastases, or multiple organ infiltration. Careful preoperative selection is vital in order 

to decrease the number of unnecessary laparotomies in palliative patients. 

The Peritoneal Cancer Index (PCI) is generally used to help determine whether are eligible for CRS-

HIPEC and, since 2006, is the international standard to describe the extent of PM for peritoneal 

surface malignancies [8-11]. The PCI was initially designed to be established intra-operatively during 

open exploration. Only patients with a low to moderate PCI could proceed to CRS/HIPEC. In patients 

with too extensive disease, further surgical resection is omitted. Even with the current diagnostic 

workup, where laparotomy is preceded by a diagnostic workup consisting of computed tomography 

(CT) supported by diagnostic laparoscopy in presumed borderline cases, open-close procedures have 

been reported to occur in up to 23.4% of cases [9]. This clinical problem arises because CT grossly 

underestimates the extent of peritoneal involvement [12-16]. 

Large field of view and whole-body protocols have become an attractive and clinically viable option 

for colorectal cancer imaging due to advances in MRI [17, 18]. MRI's intrinsic better soft-tissue 

contrast over CT and the application of a functional MR imaging method, diffusion-weighted imaging 

(DW-MRI) makes it more sensitive to detecting small peritoneal metastases and liver metastases [19, 

20]. Recently, DW-MRI has been shown to predict the surgical PCI in colorectal cancer patients and 

select eligible patients for CRS/HIPEC [21-23]. Furthermore, the PCI at surgery is a known prognostic 

factor for both disease-free and overall survival [6, 24], but unfortunately, it can only be used for 

postoperative prognostication. Whether DW-MRI will show prognostic value with the same scoring 

method remains to be evaluated. If so, DW-MRI would potentially allow for preoperative selection 

assessment. 

Therefore, the purpose of this study was to determine whether the peritoneal cancer index as 

assessed with DW-MRI can be used as a biomarker to predict disease-free and overall survival in 

patients with peritoneal metastases of colorectal cancer who are potential candidates for 

CRS/HIPEC. 
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Methods 

Patients 

The local Institutional Review Board approved this single-center retrospective cohort study 

(reference number: IRBd18048), and the study was performed at a tertiary referral center in 

Amsterdam, The Netherlands. Informed consent was waived due to the retrospective nature of the 

study. Patients with a first presentation of synchronous or metachronous peritoneal metastases from 

colorectal cancer who underwent a body DW-MRI between February 2016 and October 2017 were 

potentially eligible for this study. During this study period, DW-MRI was routinely performed as part 

of the clinical diagnostic workup at our institution. Patients were excluded if DW-MRI assessment 

was impossible due to incomplete scans or poor quality due to artifacts. All patients had undergone 

a DW-MRI scan with the same dedicated peritoneal protocol.  

Diagnostic workup 

The diagnostic workup consisted of a physical examination, hematological-biochemical 

examinations, and a CT scan. A DW-MRI scan with a dedicated protocol targeted specifically at 

peritoneal staging was performed in all cases unless the patient was ineligible for an MRI scan or if 

any recent previous surgical staging from the referring institution was deemed adequate for clinical 

decision making. In a multidisciplinary team meeting, all patients were discussed with at least one 

oncologist, one surgeon specialized in peritoneal surface oncology, one abdominal radiologist with 

specific interest in colorectal and peritoneal surface oncology, and one expert colorectal pathologist 

and a dedicated colorectal nurse specialist present. In some patients, diagnostic laparoscopy was 

performed to either get histological confirmation of peritoneal metastases or gain insight into PM's 

extent before proceeding to CRS/HIPEC. The extent of PM on MRI alone did not exclude patients 

from CRS-HIPEC. The decision of whether or not to perform diagnostic laparoscopy was discussed in 

the multidisciplinary team meeting. All DW-MRI scans were performed on a 3T MR scanner (Achieva 

or Ingenia, Philips Healthcare, Best, NL) using an external phased-array coil. All patients were 

scanned in a supine position and were asked to drink 1 liter of unaltered pineapple juice 1-2 hours 

before the DW-MRI scan. Pineapple juice suppresses the intraluminal bowel signal. The dedicated 

MR protocol was performed as previously described [22] and consisted of T2-weighted, pre-and post-

gadolinium T1-weighted, and diffusion-weighted (b0, b1000) imaging.  
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Radiological assessment 

Two abdominal radiologists performed all DW-MRI assessments, with ten (reader 1) and five years 

(reader 2) of experience with diffusion-weighted imaging. Both radiologists independently 

determined for each patient the MRI-PCI and the presence of malignant extra-peritoneal findings 

(i.e., lung, bone, and liver metastases). All scans were evaluated by one of the two radiologists and 

presented at the multidisciplinary meeting in which it was decided whether or not to proceed with 

CRS-HIPEC. Any scan that either radiologist had not reported for the multidisciplinary meeting was 

evaluated retrospectively, blinded from surgical and histopathological outcomes and the findings of 

the other radiologist. Peritoneal thickening, nodules, or masses were deemed suspicious if diffusion 

restriction on DWI and enhancement on post-contrast images was seen (see figure 1).  

Treatment 

Intra-operatively, the abdominal cavity was explored to assess tumor extent and determine whether 

complete cytoreduction was technically feasible (i.e., no evidence of gross mesenteric or small bowel 

involvement) and oncologically feasible (surgical PCI <21). Patients not eligible for CRS/HIPEC were 

referred for palliative care. The CRS/HIPEC procedure was performed as previously described [7]. 

Standard treatment included Leucovorin and 5-fluorouracil (20 and 400 mg/m2, respectively) were 

administered intravenously, and oxaliplatin 460 mg/m2 diluted in Dianeal® (NCI) was administered 

into the open abdominal cavity for 30 min. For selected patients who suffered from toxicity of earlier 

administered systemic Oxaliplatin, Mitomycin C (35 mg/m2 diluted in Dianeal) based HIPEC was 

performed for 90 minutes. The surgical outcome of the CRS/HIPEC procedure was recorded as 

successful when an R1 resection (complete removal of all macroscopic disease) was achieved. 

Systemic chemotherapy was not offered routinely after recovery. 

Follow-up  

Patients who underwent CRS/HIPEC were followed up every three months with clinical examination 

and serum biomarkers (CEA and CA-125) and CT once every six months during the first two 

postoperative years. In the case of recurrent disease, patients were either considered for locoregional 

treatment or referred for palliative care depending on the interval and site of recurrence and the 

patient's preference. In order to determine survival outcomes, the Dutch national cancer registry 

(Integraal Kankercentrum Nederland; www.iknl.nl) was consulted for the vital status of all included 

patients until March 2019. The date of last follow-up or death was recorded up to two years. Overall 

survival (OS) was defined as the days from DW-MRI scan to last follow-up or death. Disease-free 

survival was defined as the time in days since a complete cytoreduction and HIPEC to the last follow-

up or until a disease recurrence was determined at an MDT meeting. 
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Statistical analysis 

For all patient characteristics, descriptive statistics were calculated. Percentages were calculated for 

dichotomous data, and either median and interquartile ranges (IQR) or mean and standard deviations 

(sd) were given for continuous data. Inter-observer agreement between the two radiologists for 

recording MRI-PCI was determined using the Intraclass Correlation Coefficient (ICC). The 

completeness of follow-up was quantified with the completeness index (C) as described by Clark et 

al. [25]. Survival analysis of overall and disease-free survival was performed by the Kaplan-Meier 

method, and the log-rank test determined significant differences between groups. Here, the MRI-PCI 

was divided by the mean value found to form groups. Univariable and multivariable Cox regression 

analyses were performed to determine the hazard ratio of the MRI-PCI of both readers and other 

possible confounding factors. To limit the potential overfitting of the multivariate model, the general 

‘rule of ten’ was applied [26]. A p-value of <0.05 was considered statistically significant. All 

calculations and statistical tests were performed in R statistical software (version 3.5.1, R Foundation 

for statistical computing®, Vienna, Austria).  
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Figure 1 Examples of peritoneal lesions as seen on T2 weighted imaging, b1000 diffusion weighted image, post-contrast 

T1 weighted imaging (from left to right) of (a) a liver surface lesion (region 2), (b) a lesion on the right para-colic gutter 

(region 8), and (c) a lesion on the dorsal pelvic peritoneum (region 6). 

  

132 



 

 

Chapter 6 

Extent of peritoneal metastases on preoperative DW-MRI is predictive of disease-free and 

overall survival for CRS-HIPEC candidates with colorectal cancer 

Results 

Between February 2016 and October 2017, 90 patients with colorectal peritoneal metastases 

underwent DW-MRI as part of the diagnostic preoperative workup. DW-MRI assessment of 4 patients 

was not possible due to an incomplete scan or poor quality due to artifacts. These patients were 

therefore excluded. Eight patients presented with recurrent peritoneal metastases after a successful 

CRS/HIPEC procedure and were therefore excluded. Baseline characteristics of the remaining 78 

patients were presented in Table 1. Of all patients who did not undergo successful CRS/HIPEC, the 

extent of PM was the primary contraindication in 19/28 of cases. Other reasons to refrain from 

surgery were unresectable liver metastases (3/28), lung metastases (1/28), adrenal gland metastases 

(1/28), early disease progression after a metastasectomy (1/28), vascular involvement (1/28), patient’s 

performance status (1/28) and patient’s choice (1/28). The median follow-up for the whole study 

population was 716 days (IQR: 405-730), during which a median overall survival was not reached. The 

completeness of follow-up was 92%.  

 

DW-MRI findings 

Thirteen patients had extra-peritoneal metastases on MR images. Liver metastases were observed in 

8 patients, lung metastases in 6, and an adrenal gland metastasis in 1 patient. Ovarian metastases 

were observed in 14 patients. The extent of PM as observed on MRI is represented by the MRI-PCI. 

The mean MRI-PCI of the whole cohort was 11.7 (±8.4) for reader 1 and 10.5 (±8.6) for reader 2. The 

mean MRI-PCI of the patients with successful CRS-HIPEC treatment was 7.8 (±4.9) for reader 1 and 

6.2 (±4.9) for reader 2. The inter-reader agreement of the two readers for the MRI-PCI was good, 

showing an ICC of 0.90 (95% confidence interval: 0.84-0.94).  
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Table 1. Patient characteristics 

Study population, n=78 

Sex, male (%) 39 (50%) 

Median age (IQR), years 63 (55-72) 

Primary origin (%) 

- Colon 

- Rectum 

 

71 (91%) 

  7 (9%) 

Tumor type (%) 

- Adenocarcinoma 

- Signet cell carcinoma 

- Mucinous adenocarcinoma 

 

54 (69%) 

8   (10%) 

16 (21%) 

Presentation of peritoneal metastatic disease (%) 

- Synchronous 

- Metachronous 

 

35 (45%) 

43 (55%) 

Chemotherapy history (%)  

- Neoadjuvant to CRS/HIPEC 

- Adjuvant to primary resection 

- None 

 

9 (11%) 

34 (44%) 

35 (45%) 

Surgical Outcome (%) 

- R1 resection with HIPEC 

- Open-close 

- No curative attempt  

 

50 (64%) 

3   (4%) 

25 (32%) 

Administred HIPEC 

- Oxaliplatin 

- Mitomycin C 

 

47 (94%) 

3   (6%) 

Extra-peritoneal metastases at baseline (%) 

- Adrenal gland 

- Liver 

- Lung 

- Ovary 

 

1 (1%) 

6 (8%) 

3 (4%) 

14/39 females (36%) 

Mean MRI-PCI (sd) 

- Reader 1 

- Reader 2 

 

11.65 (±8.35) 

10.37 (±8.62) 

 

Overall and disease-free survival 

Figure 2 shows a Kaplan Meier curve for overall survival stratified by the surgical outcome. Table 2 

shows the univariable and multivariable Cox regression analysis of both overall survival. Patients 

treated with CRS/HIPEC had a 1 and 2 year survival probability of 0.94 (95% confidence interval: 0.83- 

0.98) and 0.87 (95% confidence interval: 0.77- 0.94). Patients not treated with CRS/HIPEC had a 1 and 

2 year survival probability of 0.61 (95% confidence interval: 0.39- 0.77) and 0.20 (95% confidence 

interval: 0.07- 0.39), a significantly lower overall survival (p<0.0001). No other factors except R1 

resection at CRS/HIPEC and the MRI-PCI of both readers were found at univariable analysis to be 

statistically significant. Multivariable Cox regression analysis for each reader showed that an R1 

resection and the MRI-PCI were independently associated with overall survival (p<0.05). 
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Figure 2 Kaplan Meier survival curves including risk plots of patients with complete CRS-HIPEC vs. CRS-HIPEC not feasible. 

One and two years after an R1 resection and HIPEC, the probability of remaining free of disease was 

0.48 (95% confidence interval: 0.34- 0.61) and 0.32 (95% confidence interval: 0.20- 0.45), respectively. 

Within the follow-up period, disease recurrence occurred in 34/50 patients. Most patients had new 

peritoneal metastases (25/34; 71.4%). Liver and lung metastases occurred in 11/34 (32.3%) and 6/34 

(17.6%) of patients, respectively. Figure 3 shows that for both readers, the disease-free survival 

differed significantly between patients with MRI-PCIs higher than the mean and patients with MRI-

PCIs lower or equal to the mean (p<0.05). Table 3 shows that as a continuous value, the MRI-PCI of 

both readers was predictive of recurrence in univariable and multivariable analysis (p<0.05). No other 

predictors were found. 
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Figure 3 Kaplan Meier survival curves of patients treated successfully with CRS-HIPEC stratified by the mean MRI-PCI 

found by readers 1 and 2. 
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Table 2. Overall survival analysis, Cox Proportional Hazard  

 Univ 95% 

CI 

p-value Multiv 

Reader 

1 

95% 

CI 

p-

vlaue 

Multiv 

Reader 

2 

95% 

CI 

p-

value 

Overall survival from date of DW-MRI, n=78 

Sex 

- Female 

- Male 

 

1 

1.24 

 

ref 

0.56-

2.71 

 

 

0.80 

- - - - - - 

Age at time of DW-MRI 1.01 0.98-

1.05 

0.45 - - - - - - 

Extra-peritoneal 

metastases* 

2.40 0.96-

6.01 

0.06 2.28 0.68-

7.67 

0.18 1.63 0.48-

5.49 

0.43 

Signet cell carcinoma 1.61 0.48-

5.43 

0.44 - - - - - - 

Mucinous adenocarcinoma 1.25 0.51-

3.22 

0.60 - - - - - - 

Presentation PM 

- Synchronous 

- Metachronous 

 

1 

0.60 

 

ref 

0.27-

1.31 

 

 

0.20 

- - - - - - 

Complete cytoreduction (R1 

resection) 

0.09 0.03-

0.22 

<0.001 0.20 0.06-

0.64 

<0.01 0.18 0.05-

0.62 

<0.01 

MRI-PCI reader 1 

(continuous) 

1.12 1.07-

1.16 

<0.001 1.08 1.02-

1.14 

<0.01 NA NA  

MRI-PCI reader 2 

(continuous) 

1.11 1.06-

1.15 

<0.001 NA NA  1.06 1.00-

1.12 

<0.05 

* Excluding ovarian metastases  

Univ univariable; Multiv Multivariable; CI confidence interval; ref reference; NA not applicable 

 

 

  

137 



 

 

Chapter 6 

Extent of peritoneal metastases on preoperative DW-MRI is predictive of disease-free and 

overall survival for CRS-HIPEC candidates with colorectal cancer 

Table 3. Disease free survival analysis, Cox Proportional Hazard  

 Univ 95% 

CI 

p-

value 

Multiv 

Reader 

1 

95% 

CI 

p-

vlaue 

Multiv 

Reader 

2 

95% 

CI 

p-

value 

Disease free survival from date of successful CRS/HIPEC, n=50  

Sex 

- Female 

- Male 

 

1 

1.09 

 

ref 

0.55-

2.17 

 

 

0.80 

- - - - - - 

Age at time of DW-MRI 0.98 0.95-

1.02 

0.35 - - - - - - 

Extra-peritoneal 

metastases* 

2.82 0.84-

9.40 

0.09 2.90 0.86-

9.80 

0.08 2.80 0.83-

9.45 

0.09 

Signet cell carcinoma 1.71 0.41-

7.18 

0.46 - - - - - - 

Mucinous adenocarcinoma 1.03 0.43-

2.49 

0.94 - - - - - - 

Presentation PM 

- Synchronous 

- Metachronous 

 

1 

1.18 

 

ref 

0.60-

2.37 

 

 

0.63 

- - - - - - 

MRI-PCI reader 1 

(continuous) 

1.09 1.02-

1.16 

<0.05 1.09 1.02-

1.17 

<0.05 NA NA NA 

MRI-PCI reader 2 

(continuous) 

1.08 1.01-

1.15 

<0.05 NA NA NA 1.10 1.00-

1.19 

<0.05 

* Excluding ovarian metastases  

Univ univariable; Multiv Multivariable; CI confidence interval; ref reference; NA not applicable 

 

Disscusion 

This study shows that the extent of PM as determined with DW-MRI is an independent predictor of 

overall and disease-free survival and should therefore be considered an important non-invasive 

prognostic clinical biomarker. 

Using the PCI to determine the extent of PM during surgery is a well-known prognostic factor for 

patients with colorectal peritoneal metastases, even after achieving complete cytoreductive surgery 

[6, 24, 27]. The extent of PM at the surgery was also repeatedly shown to be a prognostic factor for 

disease-free survival [6, 24, 28, 29]. Studies comparing the MRI-PCI to the surgically obtained PCI 

showed a good diagnostic performance of DW-MRI in various peritoneal surface malignancies [10, 

21, 23, 30]. In ovarian cancer patients, an ICC between the radiological and surgical PCI of 0.85-0.86 

was achieved [31]. In colorectal cancer patients, a similar ICC of 0.83-0.88 was achieved[22]. Klumpp 

et al. previously suggested in a small cohort of 15 patients that the use of MRI (without diffusion-

weighted imaging) to assess the PCI was associated with overall survival [32]. The current cohort is 

larger and confirms this suggestion. This shows that DW-MRI assessment of the extent of PM could 

be accurate enough to provide prognostic information that previously could only be obtained at 

surgical inspection. 
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In addition to the prognostic value of the PCI at surgery and now with DW-MRI to predict survival, 

previous studies have shown that DW-MRI effectively predicts whether complete cytoreductive 

surgery is feasible. Dresen et al. reported a PPV and NPV of 0.90 and 1.00 with DW-MRI assessment 

to predict complete cytoreduction [23], and Van ‘t Sant et al. were able to identify all patients with 

high volume peritoneal disease (PCI>20) in a cohort of patients who underwent surgical inspection to 

determine whether CRS-HIPEC was feasible [22]. This shows that DW-MRI is a robust and accurate 

preoperative indicator of prognosis that allows for a more informed decision of the surgeon and the 

patient as to whether CRS-HIPEC is expedient.  

Based on the available evidence DW-MRI appears to be preferable to CT. CT is still the current 

standard of care for preoperative staging before CRS/HIPEC procedures in many centers, CT 

underestimates peritoneal disease load in up to 33% of the patients [14, 16]. Diagnostic laparoscopy 

can be a useful supportive diagnostic tool. However, it is an invasive procedure, and parts of the 

abdominal cavity may be inaccessible due to extensive adhesions from previous surgery or due to the 

presence of a large primary tumor or metastatic lesions. Incomplete laparoscopic assessments occur 

in about 7-23% of patients [33, 34]. With DW-MRI imaging, a less invasive approach could be realized 

to prevent the number of open-close procedures and the need for diagnostic laparoscopies. Future 

validation with a larger cohort and longer follow-up will further demonstrate the prognostic value of 

preoperative DW-MRI staging and whether it can help to personalize treatment strategies.  

Limitations of this study include its retrospective nature and a relatively short follow-up time of up to 

2 years. Also, some patients were lost to follow-up during palliative care because our institution is a 

tertiary referral center, and patients often return to their referring center for palliative care.  

In conclusion, DW-MRI assessment of the extent of PM renders prognostic value both for overall 

survival and for disease-free survival of colorectal cancer patients considered for CRS-HIPEC. These 

findings suggest that preoperative staging with DW-MRI is an important addition to the diagnostic 

workup of patients with PM from colorectal cancer for whom surgical treatment is considered. 
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Abstract 

Background 

Selecting patients with peritoneal metastases from colorectal cancer (CRCPM) who might benefit 

from cytoreductive surgery followed by hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) is 

challenging. Computed tomography generally underestimates the peritoneal tumour load. 

Currently, diagnostic laparoscopy is used to determine whether patients are amenable for surgery. 

Magnetic resonance imaging (MRI) has shown to be a noninvasive and accurate in predicting a 

complete CRS. This study aims to determine whether MRI can effectively reduce unnecessary 

surgical procedures in patients with CRCPM. 

Methods  

The study is designed as a multicenter randomized controlled trial (RCT) patients with CRCPM 

deemed eligible for CRS-HIPEC after conventional CT staging. Patients are randomly assigned to 

either MRI based staging (arm A) or standard diagnostic workup with or without surgical staging (arm 

B). In arm A, MRI assessment will determine whether patients are eligible for CRS-HIPEC. In 

borderline cases, an additional diagnostic laparoscopy is advised based on MR imaging.  

The primary outcome is the number of unnecessary surgical procedures in both arms, defined as all 

surgeries in patients with inoperable disease (PCI>24) or explorative surgeries in patients with limited 

disease (PCI<15). Secondary outcomes include correlations between surgical findings and MRI 

findings, cost-effectiveness, and quality of life (QOL) analysis. 

Conclusion 

This randomized trial determines whether MRI can effectively replace surgical staging in patients 

with CRCPM considered for CRS-HIPEC.  

The trial is registered in the clinical trials registry of the U.S. National Library of Medicine under 

NCT04231175.  
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Background  

Peritoneal metastatic disease is the dissemination of cancer within the abdominal cavity. It is the 

second leading cause of death in patients with colorectal cancer (CRC). Approximately 10% of CRC 

patients present with peritoneal metastases at diagnosis or will develop peritoneal metastases at a 

later stage [1]. Selected patients benefit from cytoreductive surgery (CRS) followed by hyperthermic 

intraperitoneal chemotherapy (HIPEC). CRS-HIPEC is potentially curative and has shown to improve 

median survival in patients with limited disease [2-4]. Macroscopically complete resection of all 

metastatic lesions is vital to obtain survival gain [5]. Currently, assessing the extent and location of 

peritoneal metastases to determine whether a complete CRS is feasible is ultimately performed 

during laparotomy. Open-close or incomplete procedures have been reported to occur in 20 to 40% 

of cases [6-11]. However, best practice would be to avoid futile, invasive, and costly surgical 

procedures in patients for whom CRS-HIPEC is not feasible or unlikely to improve survival. 

Laparoscopic assessment is a less invasive and effective tool to reduce futile laparotomies [9]. 

However, tumor or adhesions may prevent laparoscopic evaluation of all regions of the peritoneal 

cavity. Incomplete laparoscopic staging has been reported to occur in around 23% of patients [6]. 

Laparoscopy is considered minimally invasive, but a risk of intraoperative complications and 

postoperative morbidity presides. Hence, a noninvasive preoperative tool is needed to better select 

patients eligible for CRS-HIPEC. 

CT is the preferred first-line imaging tool for detecting peritoneal metastases but falls short when 

used to assess the total peritoneal tumor burden [12-16]. Magnetic resonance imaging (MRI), with 

diffusion-weighted imaging (DWI), has shown to predict the extent of disease accurately (sensitivity 

of 0.80-0.98 and a specificity 0.85-0.93 % [17, 18]) and to be a valuable adjunct to decide whether 

complete cytoreduction can be achieved [13, 15, 17]. DWI-MRI had also shown to be superior for 

detecting liver metastases [19, 20]. However, research towards the value of MRI for patients with 

colorectal peritoneal metastases has been limited to cohort studies in a retrospective or 

observational setting.  

Objective 

The primary objective of this study is to determine whether additional preoperative MRI staging can 

reduce the number of futile (exploratory) surgeries in patients with CRC considered for CRS-HIPEC 

compared to the standard of care of CT alone. An unnecessary surgical procedure is defined as any 

non-therapeutic laparotomy or diagnostic laparoscopy in patients, except for patients with 

borderline operable disease (15<PCI>24). 
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Methods/Design 

This investigator-initiated, multi-center, randomized controlled trial is performed in Dutch HIPEC 

centers since September 2019. The study is conducted according to the principles of the Declaration 

of Helsinki and in accordance with the Medical Research Involving Human Subjects Act (WMO) and 

was approved by the medical ethics committee at the Netherlands Cancer Institute (date: 13-09-

2019; ref. no.: NL70045.031.19) and is retrospectively registered in the clinical trials registry of U.S. 

National Library of Medicine under NCT04231175 (https://clinicaltrials.gov/ct2/show/NCT04231175). 

Patients suspected of having CRC peritoneal metastases and considered for CRS-HIPEC are eligible 

for inclusion. Patients are randomly assigned to one of two diagnostic arms towards CRS-HIPEC. A 

trial flow diagram is presented in figure 1.  

Figure 1. Flowdiagram of the DISCO trial 
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Eligibility criteria 

To be eligible to participate in this study, a subject must meet all of the following criteria: 

- Patients with suspicion of CRCPM and considered for CRS-HIPEC after CT imaging 

- Age ≥18 years 

- Written and signed informed consent 

- Performance status of WHO 0-2 

- Able and willing to drink 1 liter of pineapple or blueberry juice (required as a preparatory step for 

the dedicated MRI) 

A potential subject who meets any of the following criteria will be excluded from participation in this 

study: 

- Patients with contraindications for MRI 

- Patients with clinical contraindications for CRS-HIPEC, such as but not limited to inadequate 

organ or hematological function, significant medical history, active pregnancy and lactation, 

or old age 

- Patients with radiological contra-indications for CRS-HIPEC observed on CT thorax/abdomen 

- Patients with concurrent or history of other malignancy within ≤5 years before CRCPM 

diagnosis 

Patient recruitment and randomization. 

Eligible patients are identified and informed about the study by their treating physician at the 

participating center. Patients are included after written informed consent. Patients are randomly 

assigned to an experimental arm (A) or a control arm (B). The random assignment is performed by 

dedicated medical data managers or a research nurse using specific clinical trial management 

software (ALEA clinical, Abcoude, The Netherlands). Random block randomization is used and 

stratified per participating center. Blinding is not possible with this trial set-up.  

  

148 



 

  

v 

v 

Chapter 7 

Dedicated MRI staging versus surgical staging of peritoneal metastases in colorectal cancer 

patients considered for CRS-HIPEC the DISCO randomized multicenter trial  

 

Table 1 Dedicated MRI protocol for peritoneal surface malignancies 
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pelvic 
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Respiration Free-breathing Respiration Respiration Respiration Respiration Respiration 

Fat supression SPIR - - SPAIR SPAIR SPAIR 

TR/TE (ms) Shortest 1500/87 1500/87 Shortest Shortest Shortest 

NSA 1 1 1 1 1 1 

Slice thickness 

(mm) 
5 4 6 5 5 5 

Gap (mm) 0.5 0.4 0.6 -2.5 -2.5 -2.5 

 

Study interventions 

Patients in Arm A receive a dedicated 3 Tesla MRI scan, which includes T2 weighted, T1 weighted, 

diffusion-weighted and non-enhanced + gadolinium-enhanced fat-suppressed T1 weighted imaging 

of the pelvis and abdomen (and thorax on DWI), as previously described [15]. Patients are asked to 

drink one liter of pineapple or blueberry juice at least one hour before the MRI scan. The juice 

minimizes the signal from the intraluminal content on DWI and bowel movement, respectively. An 

antispasmolitic drug is administered intravenously to optimize bowel evaluation. The MRI protocol is 

specified in table 1. Based on the findings of the MRI scan, the radiologist advises whether patients 

are to be allocated to one of the following diagnostic/treatment options: 

- CRS-HIPEC is feasible; perform CRS-HIPEC 

o Peritoneal cancer index estimated on MRI (MRI-PCI) <15 and no non-

peritoneal lesions (that contra-indicate CRS-HIPEC) 

- CRS-HIPEC might be feasible; consider diagnostic laparoscopy (DLS) to determine 

whether CRS-HIPEC is feasible and justifiable 

o MRI-PCI between 15 and 24 and no non-peritoneal lesions (that contra-

indicate CRS-HIPEC) 

- CRS-HIPEC is not feasible; chemotherapy or best supportive care 

o MRI-PCI>24 or detection of non-peritoneal lesions (that contra-indicate CRS-

HIPEC) 
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In the Netherlands, patients are eligible for CRS-HIPEC if the PCI does not exceed 20 at surgical 

exploration [21]. All participating centers perform CRS-HIPEC procedures under the Dutch HIPEC 

protocol described by Kuijpers and colleagues [21]. With this policy in mind, the cut-off points for MRI 

assessment have been determined using preliminary data of the initiating center [15]. The MRI-PCI 

cut-off of 15 ensures targeted use of DLS, and the cut-off of 24 prevents the false omission of patients 

for whom CRS-HIPEC is feasible. If a specific disease location found which could contraindicate CRS-

HIPEC, i.e. duodenal involvement, DLS may still be performed at the discretion of the 

multidisciplinary team (MDT). Surgical procedures must be performed within four weeks after the 

MRI. 

In arm B, patients undergo the standard diagnostic workup followed by a DLS at the discretion of the 

MDT, as determined before randomization. For the control group, no study-specific guidelines for 

DLS use have been determined. Centers are expected to continue implementing DLS according to 

their local policies. The rate of laparoscopy use may therefore vary between centers. 

All patients will be asked to fill in two QOL questionnaires (EORTC-C30 and EQ5D5L) at baseline 

(randomization), at 3 months, and 6 months. At 6 months after CRS-HIPEC, all patients undergo a 

follow-up of CT, MRI, serum biomarkers (carcinoembryonic antigen or CEA, cancer antigen 125 or CA 

125, and cancer antigen 19.9 or CA 19.9), and physical examination to screen for early recurrences in 

the peritoneum, liver, or elsewhere. This will also serve as an extra quality check of diagnostic and 

surgical outcome. It is expected that a residual peritoneal or non-peritoneal metastasis will have 

become apparent at 6 months on MRI. If residual disease of early recurrence is observed, treatment 

is at the discretion of the local MDT. The trial schedule is summarized in table 2. 

Table 2. Schedule of enrolment, interventions, and assessments.  

 STUDY PERIOD 

 Enrolment Allocation Diagnostic Work-up Treatment Follow-up 

TIMEPOINT** -T1 T0 T1 T1 T3 T6 

ENROLMENT: X      

Eligibility screen X      

Informed consent  X      

Allocation  X     

INTERVENTIONS:  

MRI   A   X** 

Diagnostic laparoscopy   B*/A*    

CRS-HIPEC    A*/B*   

ASSESSMENTS:  

QUALY forms  X   X X 

X applicable to all patients; A applicable to those allocated to experimental Arm A; B applicable to those allocated to 

control arm B 

* only applicable if called for by previous diagnostics 

** only applicable if R1 resection was achieved at CRS-HIPEC 
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MRI evaluation 

All study MRIs will be evaluated by an abdominal radiologist with experience in DWI of the 

participating center and by experienced abdominal radiologists of the trial-initiating center with 

extensive experience with the study protocol dedicated to peritoneal metastasis evaluation 

independently. The findings of the radiologists then will be shared and discussed before the MDT 

meeting. In case of discrepant findings, the findings from the trial-initiating center’s radiologist are 

leading. Radiologists of the participating centers will undergo training in the study-specific MRI 

evaluations, followed by on-the-job training with continued feedback from the trial-initiating center.  

Criteria used to establish the presence of peritoneal disease on MRI include high signal on DWI with 

a corresponding soft tissue lesion of peritoneal thickening on T2 weighted or contrast-enhanced T1 

weighted images, as previously described [15]. 

Data collection 

Basic clinical information is collected, including patient history, primary tumor location, tumor 

histology, previous surgical procedures, chemotherapy and/or radiotherapy, and serum biomarkers. 

A case report form (CRF) is filled out for each eligibility assessment for CRS-HIPEC (CT, MRI, 

laparoscopy, and laparotomy). Parameters include the PCI, the presence of organ infiltration, the 

presence and pattern of miliary spread, presence of non-PM (such as liver and lymph node 

metastases) and diaphragmatic involvement. Parameters specific to radiological assessments (CT, 

MRI) include scan quality, scan completion, presence of extra-abdominal metastases 

(retroperitoneum, chest), and presence of pleural effusion. For each radiological finding, the reader 

will indicate whether the feature is present (yes/no) and how certain he or she is of that decision (not 

certain/ quite certain/ certain).  Parameters specific to surgical assessment include the extent of 

adhesiolysis and accessibility. Surgical findings are considered the reference standard. No confidence 

level will be applied to those parameters. For surgical procedures, a separate CRF registers which 

resections, excisions, or extirpations have been performed, and the completeness of cytoreduction 

(resection status). All data is collected by the local research team, consisting of at least one 

radiologist, one surgeon, and a research nurse or medical data manager. The pseudo-anonymized 

data is entered and stored with the same clinical trial management software used for randomization 

(ALEA clinical, Abcoude, The Netherlands) in an ISO 27001 certified hosting facility in the 

Netherlands.  
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Outcome Measures 

The primary outcome measure is a composite endpoint of futile surgical explorations. A futile surgical 

exploration is defined as all surgeries in patients with definitely inoperable disease (PCI>24) or 

explorative surgeries in patients with limited disease (PCI<15). 

The secondary outcomes include: 

- number of incomplete CRS-HIPECs (R2a/ R2b/ open-close), 

- number of residual disease events or early recurrences at 6 months after a complete resection 

at CRS-HIPEC, 

- number of non-peritoneal metastases, 

- diagnostic performance of MRI and diagnostic laparoscopy to predict whether complete 

CRS-HIPEC is feasible,  

- correlations between MRI findings and surgical findings, 

- incremental cost-effectiveness, 

- The patient reported QOL between study arms. 

Costs and patient-reported quality of life measures 

Direct medical costs include both the immediate medical costs such as diagnostic tests and initial 

treatments (including side-effects) as well as later therapies. Direct costs incorporated in the current 

study include costs of standard diagnostic staging (CT+/-laparoscopy), CRS-HIPEC and treatment of 

recurrences, follow-up visits and palliative care. Resource use data will be collected from the 

hospital's administrative database. Where appropriate, Dutch guidelines for costing studies will be 

used in applying tariffs to units of resource use [22].  

For the health-related quality of life (QoL), the EORTC-C30 questionnaire will be used [23]. For cost-

effectiveness purposes, utilities will be measured to derive quality-adjusted-life-years (QALYs). The 

utilities will reflect the preferences of society for length of life versus quality of life. The utilities will 

be derived from the trial using the EQ5D5L questionnaire [24]. The questionnaires are given to 

patients at baseline (T0), 3 months after the diagnostic staging and treatment (T1), and after 6 

months (T2). 
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Statistical Analysis 

Sample size calculation 

Power calculations are based on an expected reduction of preventable surgical explorations from 30% 

to 15% by MRI staging. With a two-sample two-sided test of binomial proportions and an α of 0.05, a 

ß of 0.20, and an expected drop-out rate of 20%, 272 patients are to be included in total. 

 

Data Analysis 

The observed difference in preventable surgical explorations between trial arms will be tested with a 

McNemar's chi-squared test and the difference in incomplete CRS-HIPECs, non-peritoneal findings 

before surgery, and early recurrences or residual disease visible at first follow-up (6 months). 

Progression-free survival will be analyzed by binomial logical regression analysis. Progression-free 

survival is defined as the time in days from complete CRS-HIPEC to recurrence or progression of 

disease as determined by the multidisciplinary team meeting or death of any cause. Correlations 

between MRI staging and surgical staging will be evaluated by intraclass correlation coefficients 

(ICC), Cohen's kappa, and Cohen's weighted kappa, where appropriate. Diagnostic performance of 

MRI and surgical staging to predict complete CRS will be compared by confusion matrix analysis and 

receiver operator characteristic analysis. Differences in predictive values will be tested with 

McNemar's test and the DeLong test, where appropriate.  

 

Cost-effectiveness Analysis 

A cost-effectiveness analysis will be performed with incremental costs per Quality-Adjusted Life Year 

gained as the outcome for patients with PM undergoing MRI versus usual diagnostic workup for 

selection for CRS-HIPEC. A Markov model will be constructed, a lifelong time horizon with 3 months 

cycle length will be used, and a societal perspective from the Netherlands will be adopted. Future 

costs and effects will be discounted to their present value by a rate of 4% and 1.5% per year, 

respectively, according to Dutch guidelines [25]. The results of the probabilistic sensitivity analysis 

will be illustrated in a cost-effectiveness plane, and cost-effectiveness acceptability curves (CEACs) 

will show decision uncertainty. CEACs show the probability that a pathway has the highest net 

monetary benefit and thus is deemed cost-effective for a range of Willingness to Pay values for one 

additional QALY, also referred to as the ceiling ratio. This analysis will use the Dutch (informal) ceiling 

ratio of €80,000 per QALY [26]. 
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Discussion  

Selected CRC patients with limited PM can benefit from CRS-HIPEC with a chance of significantly 

prolonged survival and, in some cases, even cure. Currently, the final clinical decision if complete 

resection at CRS, with or without HIPEC, is feasible is often determined during surgery. Rehabilitation 

from open-close surgery is not in the best interest of a palliative patient and may delay palliative 

treatment or inclusion in trials. Two trials are ongoing in the Netherlands exploring novel palliative 

strategies for patients with extensive CRCPM. The INTERACT study evaluates the use of concomitant 

intraperitoneal and systemic chemotherapy and the ePIPAC, which evaluates repetitive electrostatic 

pressurized intraperitoneal aerosol chemotherapy with oxaliplatin [27, 28]. 

Twenty-three per cent of candidates for the PRODIGE-7 trial were excluded at laparotomy due to the 

extent of PM, liver metastases or non-resectable disease [11]. Other studies have reported 

incomplete CRS rates of around 20-40%, when selecting patients suitable for CRS with CT [6, 7, 10]. 

To help reduce the incomplete CRS rate, laparoscopy can be used to better assess the feasibility of 

complete cytoreduction. Improvements of 7-15% in the number of incomplete CRS-HIPECs have 

been reported after clinical implementation of laparoscopy [10, 29]. A cohort study researching the 

clinical impact of implementing DLS into the diagnostic workup reported that in 35.2%, not all 

abdominopelvic regions were visualized at DLS [10]. PPVs for predicting complete cytoreduction 

have been reported of 0.63-0.97 with DLS [6, 8-10, 30]. Sensitivities and specificities of 0.80-0.98 and 

0.85-0.93 have been reported using MRI at region-wise analysis in two cohort studies of 27 and 60 

patients [17, 18]. Dresen et al. demonstrated that a PPV of 0.90 could be achieved for predicting an 

operable extent of disease [17]. The high PPV was in concordance with the findings of Van 't Sant and 

colleagues, who reported a PPV of 0.89, finding an operable extent of disease in a cohort study of 49 

patients [15]. MRI can give information about peritoneal involvement in all regions, even those that 

might not be accessible with DLS due to adhesions, tumor, or anatomical limitations (such as 

diaphragmatic dorsal area and gastrosplenic ligament). MRI staging may therefore aid operative 

planning. MRI is furthermore a noninvasive tool and much cheaper than a diagnostic laparoscopy.  

A limitation of MRI in the workup of CRC patients with PM is the lack of histopathological proof of 

identified lesions. However, we expect that in most cases, patients will have lesions that are 

accessible by biopsy or present with proven PM during a previous surgical procedure. If this is not the 

case, a DLS may still be necessary. Patients with severe claustrophobia and patients with metal 

implants non-compatible with MRI are not eligible for MRI assessment. Policy differences between 

hospitals may lead to differences in laparoscopy rates and open-close rates in the control arm. 

Assuming that the rate of DLS is inversely related to the incomplete and open-close rate, the 

potential benefit of additional MRI staging could nonetheless become apparent. 
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Furthermore, the benefit of Oxaliplatin-based HIPEC in the combined CRS-HIPEC procedure has 

recently come under debate following the results of the PRODIGE-7 trial [11]. However, this study 

reinforced the notion that complete cytoreduction is the most determinant factor of survival. This 

finding underlines how important it is to safely and effectively select those patients for whom a 

complete CRS is feasible. Therefore, our trial would continue to be relevant to select patients for CRS, 

alone or CRS combined with any perioperative therapy. 

If MRI staging effectively reduces the number of surgical explorations in CRS-HIPEC candidates, 

patients with PM from CRC will be exposed to a less invasive and more cost-effective triaging system. 

155 



 

  

v 

v 

Chapter 7 

Dedicated MRI staging versus surgical staging of peritoneal metastases in colorectal cancer 

patients considered for CRS-HIPEC the DISCO randomized multicenter trial  

References: 

1. Kerscher A, Chua T, Gasser M, Maeder U, Kunzmann V, Isbert C, et al. Impact of peritoneal 

carcinomatosis in the disease history of colorectal cancer management: a longitudinal experience of 

2406 patients over two decades. 2013;108(7):1432. 

2. De Cuba E, Kwakman R, Knol D, Bonjer H, Meijer G, Te Velde EJCtr. Cytoreductive surgery 

and HIPEC for peritoneal metastases combined with curative treatment of colorectal liver 

metastases: systematic review of all literature and meta-analysis of observational studies. 

2013;39(4):321-7. 

3. Elias D, Lefevre JH, Chevalier J, Brouquet A, Marchal F, Classe J-M, et al. Complete 

cytoreductive surgery plus intraperitoneal chemohyperthermia with oxaliplatin for peritoneal 

carcinomatosis of colorectal origin. 2009;27(5):681-5. 

4. Franko J, Ibrahim Z, Gusani NJ, Holtzman MP, Bartlett DL, Zeh III HJ. Cytoreductive surgery 

and hyperthermic intraperitoneal chemoperfusion versus systemic chemotherapy alone for 

colorectal peritoneal carcinomatosis. Cancer. 2010;116(16):3756-62. 

5. Simkens GA, Rovers KP, Nienhuijs SW, de Hingh IH. Patient selection for cytoreductive 

surgery and HIPEC for the treatment of peritoneal metastases from colorectal cancer. Cancer 

Manag Res. 2017;9:259-66. Epub 2017/07/20. doi: 10.2147/CMAR.S119569. PubMed PMID: 

28721098; PubMed Central PMCID: PMCPMC5501638. 

6. Iversen LH, Rasmussen PC, Laurberg SJBJoS. Value of laparoscopy before cytoreductive 

surgery and hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis. 

2013;100(2):285-92. 

7. van Oudheusden TR, Braam HJ, Luyer MD, Wiezer MJ, van Ramshorst B, Nienhuijs SW, et 

al. Peritoneal cancer patients not suitable for cytoreductive surgery and HIPEC during explorative 

surgery: risk factors, treatment options, and prognosis. Annals of surgical oncology. 

2015;22(4):1236-42. Epub 2014/10/17. doi: 10.1245/s10434-014-4148-x. PubMed PMID: 25319584. 

8. Pomel C, Appleyard TL, Gouy S, Rouzier R, Elias D. The role of laparoscopy to evaluate 

candidates for complete cytoreduction of peritoneal carcinomatosis and hyperthermic 

intraperitoneal chemotherapy. European journal of surgical oncology : the journal of the European 

Society of Surgical Oncology and the British Association of Surgical Oncology. 2005;31(5):540-3. 

Epub 2005/06/01. doi: 10.1016/j.ejso.2005.01.009. PubMed PMID: 15922890. 

9. Marmor RA, Kelly KJ, Lowy AM, Baumgartner JMJAoSO. Laparoscopy is Safe and Accurate 

to Evaluate Peritoneal Surface Metastasis Prior to Cytoreductive Surgery. 2016;23(5):1461-7. doi: 

10.1245/s10434-015-4958-5. 

10. Hentzen J, Constansia RDN, Been LB, Hoogwater FJH, van Ginkel RJ, van Dam GM, et al. 

Diagnostic Laparoscopy as a Selection Tool for Patients with Colorectal Peritoneal Metastases to 

Prevent a Non-therapeutic Laparotomy During Cytoreductive Surgery. Annals of surgical oncology. 

2020;27(4):1084-93. doi: 10.1245/s10434-019-07957-w. PubMed PMID: 31641950; PubMed Central 

PMCID: PMCPMC7060164. 

11. Quénet F, Elias D, Roca L, Goéré D, Ghouti L, Pocard M, et al. Cytoreductive surgery plus 

hyperthermic intraperitoneal chemotherapy versus cytoreductive surgery alone for colorectal 

peritoneal metastases (PRODIGE 7): a multicentre, randomised, open-label, phase 3 trial. The 

Lancet Oncology. 2021. doi: 10.1016/s1470-2045(20)30599-4. 

12. Esquivel J, Chua TC, Stojadinovic A, Melero JT, Levine EA, Gutman M, et al. Accuracy and 

clinical relevance of computed tomography scan interpretation of peritoneal cancer index in 

156 



 

  

v 

Chapter 7 

Dedicated MRI staging versus surgical staging of peritoneal metastases in colorectal cancer 

patients considered for CRS-HIPEC the DISCO randomized multicenter trial  

colorectal cancer peritoneal carcinomatosis: a multi-institutional study. J Surg Oncol. 

2010;102(6):565-70. Epub 2010/10/27. doi: 10.1002/jso.21601. PubMed PMID: 20976729. 

13. Low RN, Barone RM, Lucero J. Comparison of MRI and CT for predicting the Peritoneal 

Cancer Index (PCI) preoperatively in patients being considered for cytoreductive surgical 

procedures. Annals of surgical oncology. 2015;22(5):1708-15. Epub 2014/09/10. doi: 10.1245/s10434-

014-4041-7. PubMed PMID: 25201499. 

14. Duhr CD, Kenn W, Kickuth R, Kerscher AG, Germer C-T, Hahn D, et al. Optimizing of 

preoperative computed tomography for diagnosis in patients with peritoneal carcinomatosis. 

2011;9(1):171. 

15. van 't Sant I, van Eden WJ, Engbersen MP, Kok NFM, Woensdregt K, Lambregts DMJ, et al. 

Diffusion-weighted MRI assessment of the peritoneal cancer index before cytoreductive surgery. 

The British journal of surgery. 2019;106(4):491-8. Epub 2018/10/26. doi: 10.1002/bjs.10989. PubMed 

PMID: 30353920. 

16. Koh FHX, Tan KK, Teo LLS, Ang BWL, Thian YL. Prospective comparison between magnetic 

resonance imaging and computed tomography in colorectal cancer staging. ANZ J Surg. 

2018;88(6):E498-E502. Epub 2017/08/15. doi: 10.1111/ans.14138. PubMed PMID: 28803449. 

17. Dresen RC, De Vuysere S, De Keyzer F, Van Cutsem E, Prenen H, Vanslembrouck R, et al. 

Whole-body diffusion-weighted MRI for operability assessment in patients with colorectal cancer 

and peritoneal metastases. Cancer Imaging. 2019;19(1):1. 

18. Zhang H, Dai W, Fu C, Yan X, Stemmer A, Tong T, et al. Diagnostic value of whole-body MRI 

with diffusion-weighted sequence for detection of peritoneal metastases in colorectal malignancy. 

Cancer Biol Med. 2018;15(2):165-70. Epub 2018/06/29. doi: 10.20892/j.issn.2095-3941.2017.0162. 

PubMed PMID: 29951340; PubMed Central PMCID: PMCPMC5994551. 

19. Kim HJ, Lee SS, Byun JH, Kim JC, Yu CS, Park SH, et al. Incremental value of liver MR 

imaging in patients with potentially curable colorectal hepatic metastasis detected at CT: a 

prospective comparison of diffusion-weighted imaging, gadoxetic acid–enhanced MR imaging, and 

a combination of both MR techniques. 2014;274(3):712-22. 

20. Achiam MP, Løgager VB, Skjoldbye B, Møller JM, Lorenzen T, Rasmussen VL, et al. 

Preoperative CT versus diffusion weighted magnetic resonance imaging of the liver in patients with 

rectal cancer; a prospective randomized trial. 2016;4:e1532. 

21. Kuijpers AM, Aalbers AG, Nienhuijs SW, de Hingh IH, Wiezer MJ, van Ramshorst B, et al. 

Implementation of a standardized HIPEC protocol improves outcome for peritoneal malignancy. 

World J Surg. 2015;39(2):453-60. doi: 10.1007/s00268-014-2801-y. PubMed PMID: 25245434. 

22. Kanters TA, Bouwmans CAM, van der Linden N, Tan SS, Hakkaart-van Roijen L. Update of 

the Dutch manual for costing studies in health care. PLoS One. 2017;12(11):e0187477. Epub 

2017/11/10. doi: 10.1371/journal.pone.0187477. PubMed PMID: 29121647; PubMed Central PMCID: 

PMCPMC5679627. 

23. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European 

Organization for Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in 

international clinical trials in oncology. 1993;85(5):365-76. 

24. Oppe M, Devlin NJ, Szende A. EQ-5D value sets: inventory, comparative review and user 

guide: Springer; 2007. 

25. Hakkaart-van Roijen L, Van der Linden N, Bouwmans C, Kanters T, Tan SJD, the 

Netherlands: Zorginstituut Nederland. Costing manual: Methodology of costing research and 

reference prices for economic evaluations in healthcare. 2015. 

157 



 

  

v 

v 

Chapter 7 

Dedicated MRI staging versus surgical staging of peritoneal metastases in colorectal cancer 

patients considered for CRS-HIPEC the DISCO randomized multicenter trial  

26. Versteegh MM, Ramos IC, Buyukkaramikli NC, Ansaripour A, Reckers-Droog VT, Brouwer 

WBF. Severity-Adjusted Probability of Being Cost Effective. Pharmacoeconomics. 2019;37(9):1155-

63. doi: 10.1007/s40273-019-00810-8. PubMed PMID: 31134467; PubMed Central PMCID: 

PMCPMC6830403. 

27. de Boer NL, Brandt-Kerkhof ARM, Madsen EVE, Diepeveen M, van Meerten E, van Eerden 

RAG, et al. Concomitant intraperitoneal and systemic chemotherapy for extensive peritoneal 

metastases of colorectal origin: protocol of the multicentre, open-label, phase I, dose-escalation 

INTERACT trial. BMJ open. 2019;9(12):e034508. Epub 2019/12/11. doi: 10.1136/bmjopen-2019-

034508. PubMed PMID: 31818845; PubMed Central PMCID: PMCPMC6924694. 

28. Rovers KP, Lurvink RJ, Wassenaar EC, Kootstra TJ, Scholten HJ, Tajzai R, et al. Repetitive 

electrostatic pressurised intraperitoneal aerosol chemotherapy (ePIPAC) with oxaliplatin as a 

palliative monotherapy for isolated unresectable colorectal peritoneal metastases: protocol of a 

Dutch, multicentre, open-label, single-arm, phase II study (CRC-PIPAC). BMJ open. 

2019;9(7):e030408. Epub 2019/07/29. doi: 10.1136/bmjopen-2019-030408. PubMed PMID: 31352425; 

PubMed Central PMCID: PMCPMC6661551. 

29. Tabrizian P, Jayakrishnan TT, Zacharias A, Aycart S, Johnston FM, Sarpel U, et al. 

Incorporation of diagnostic laparoscopy in the management algorithm for patients with peritoneal 

metastases: A multi-institutional analysis. J Surg Oncol. 2015;111(8):1035-40. doi: 

10.1002/jso.23924. PubMed PMID: 26040443. 

30. Jayakrishnan TT, Zacharias AJ, Sharma A, Pappas SG, Gamblin TC, Turaga KK. Role of 

laparoscopy in patients with peritoneal metastases considered for cytoreductive surgery and 

hyperthermic intraperitoneal chemotherapy (HIPEC). World J Surg Oncol. 2014;12(1):270. Epub 

2014/08/26. doi: 10.1186/1477-7819-12-270. PubMed PMID: 25145962; PubMed Central PMCID: 

PMCPMC4153918. 

 

 

158 



 

  



ns 

General discussion 

Discussion, Future perspectives, and Clinical 

recommendations 

  



General discussion 

Discussion, Future perspectives, and Clinical recommendations 

Discussion 

Open-close surgery is not uncommon for patients with PM from ovarian cancer or colorectal cancer. 

20 to 40 percent of patients planned for CRS undergo exploratory laparotomy without meaningful 

reduction of their peritoneal tumor load[1-5]. These patients could have benefited from neoadjuvant 

treatment or could have been spared invasive nontherapeutic surgery if the extent and location of 

PM could have been determined accurately before surgery. In order to improve patient selection, we 

must find an effective way to describe the extent of PM and determine which non-invasive modality 

is best equipped to provide this information. This dissertation investigated the current role of surgical 

scoring systems in describing the extent of PM in ovarian cancer and how imaging best can be utilized 

in selecting patients with peritoneal metastases for cytoreductive surgery. In addition, we propose a 

clinical trial that would provide evidence of the effectiveness of MRI staging in the diagnostic work-

up of colorectal PM patients to optimize triage algorithms and establish the role of MRI in these 

decisions. 

A need for objective measures and uniformity in patient selection 

After clinical assessment of biomarkers, medical history, and physical examination, the last hurdle to 

overcome before the CRS procedure is to estimate whether it is feasible to remove all peritoneal 

metastases. An exploration via laparotomy determines whether this is feasible. The role of surgery in 

the treatment of PM from colorectal cancer and ovarian cancer is slightly different. Whereas in 

colorectal cancer, residual disease after CRS is not considered beneficial to the patient, in ovarian 

cancer, residual disease up to 1cm in diameter despite maximum effort cytoreduction is associated 

with a substantial survival benefit compared to residual disease more than 1 cm [6, 7]. In both cases, 

however, complete CRS should be the intent of CRS since this relates to the most favorable outcome. 

Guidelines and recommendations give room for interpretation of the (contra)indications for CRS(-

HIPEC). Often subjective terms like ‘limited,’ ‘extensive,’ or ‘multiple’ are used as descriptions of the 

extent of disease or recommendations are given for patients for whom complete CRS is feasible 

without mentioning specific criteria for when this may be so [8-11]. Therefor the outcome of surgery 

can depend for a large part on surgical expertise. Scoring systems are often designed to objectify the 

extent of PM. Therefore, the observed variation in the performance of the scoring systems, in 

Chapter 1, to identify complete or optimal CRS in ovarian cancer patients, could have been for some 

part due to the institutional differences in surgical approach. These differences can result in a regional 

difference in long term survival as is shown by Timmermans et al. [1]. Uniformity in surgical policy 

can be aided by objective measures of extent. An example of how uniformity and standardization has 

benefited patient can be found in the treatment of colorectal PM in the Netherlands, where the Dutch 

peritoneal oncology group (DPOG) chose a uniform protocol with a PCI cut-off at 20 to improve the 
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standardization and quality of the CRS procedure and observed better outcomes for colorectal PM 

patients as a result [12, 13].  

Institutions and national guidelines should consider implement scoring systems and let studies, 

which were performed in institution comparable to their situation, guide their decisions on which 

scoring system to use and whether or not to apply a cut-off. Nonetheless, the Peritoneal Surface 

Oncology International group (PSOGI) has embraced the PCI for staging the extent of PM for all 

tumor origins[14]. Our studies suggest that the PCI can compare the extent of the PM between MRI 

and surgery. Alternatively, the 7-region count can be considered. The main advantage of the PCI and 

the 7-region count is that as it does not include interpretable parameters but merely registers 

presence or tumor size in predefined anatomical regions and therefore provides the most objective 

measure of extent. 

Prognostic importance of the extent of PM 

In colorectal cancer, the extent of PM is considered an independent prognostic factor regardless of 

the completeness of cytoreduction[15-17]. This is not yet established for ovarian cancer, but chapter 

2 demonstrates that the extent of PM does relate to survival. A possible cause could be that patients 

with widespread PM may have a larger metastatic evolutionary cascade leading to more intra-

tumoral heterogeneity which subsequently lead to a more extensive PM with less favorable biological 

properties. Intra-tumoral heterogeneity is key to recurrence by chemoresistant treatment failure [18, 

19]. In addition, presence of extensive PM may result in residual disease, which is overlooked by the 

surgeon, thus falsely labeling the surgical outcome as macroscopic complete. Finally, patients with 

extensive PM may be more likely to have microscopic residual disease. In 2 prospective cohort studies 

of patients undergoing interval CRS for ovarian cancer, 25-34% of ‘normal appearing’ peritoneal 

regions during surgery showed microscopic disease, and 35-46% of ‘normal appearing’ tissue 

adjacent to tumor lesions contained microscopic disease [20, 21].  

Chapter 4 revisits patterns of distribution of PM first described by Meyers and Sugarbaker with MRI 

findings [22-25], and we found that primary tumor site affects the site of spread in colon cancer, 

which puts patients with a right-sided tumor at a disadvantage when being considered for CRS-HIPEC 

as compared to those with left-sided tumors. Right-sided colon tumors were more likely to be 

affected by PM in the small bowel and upper abdominal regions. Extensive PM in these sites often 

increases surgical complexity and may even omit patients from surgery. A better understanding of 

the spread and extent of PM before surgery will allow for a better estimation of whether complete 

CRS is feasible and of patient prognosis. 
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Diagnostic laparoscopy for patient selection 

Depending only on CT to estimate the extent of PM leads to 20-40% futile laparotomies [2, 5, 26, 27]. 

Diagnostic laparoscopy provides additional information and can reduce futile laparotomies by 50-

75% [26-28]. However, laparoscopy has several significant limitations. Certain abdominal areas are 

not accessible by laparoscopy due to tumor, adhesions, or anatomic limitations. Hentzen et al. 

reported that in 37.6% of cases, not all regions of the PCI could be adequately assessed, and in 12.9% 

of cases, only two or fewer regions were visible for laparoscopic inspection [27]. A laparoscopic 

procedure is still an invasive procedure and at risk for (postoperative) complications [3, 29], especially 

for patients with prior abdominal surgeries [30]. Routine use of diagnostic laparoscopy can be 

approached in two ways. Either you start the planned CRS procedure with a diagnostic laparoscopy 

and convert to laparotomy if complete CRS is feasible or schedule the laparoscopy separately. 

Planning the procedures together may save the patient a potential futile laparotomy. However, 

operating theater time reserved for an entire CRS procedure could potentially be unused, which is 

not an efficient use of resources. Separate planning of the procedures results in two admissions and 

two surgical procedures. Although a diagnostic laparoscopy to select patients with advanced ovarian 

carcinoma for a cytoreductive procedure is cost-effective within the Dutch healthcare system, a non-

invasive alternative such as MRI could limit the burden for patients if MRI performs better than or 

even comparably to the routine assessments with diagnostic laparoscopy[31]. 

 

MRI for patient selection 

As an alternative to diagnostic laparoscopy, our studies showed promising results for the role of a 3T 

MRI scan with diffusion-weighted imaging. Chapter 3 demonstrates that MRI is the most promising 

imaging modality to estimate the extent of PM across tumor origins. Chapter 4 put this into practice 

and shows that estimating the PCI with MRI is feasible and highly correlates to the intra-operative 

PCI and surgical outcome in ovarian cancer patients. Chapter 6 adds that the PCI estimated with MRI 

in colorectal PM patients also holds prognostic value, essential for implementing the intraoperative 

PCI in the clinic. Diffusion-weighted imaging increases the conspicuity of malignant lesions, and T2-

weighted and gadolinium-enhanced T1-weighted imaging serve as the anatomical reference. Our 

dedicated peritoneal MRI protocol images the entire pelvic and abdominal area in the axial and 

coronal planes for T2 and T1-weighted scans and has a scan duration of about 35 minutes. This 

protocol was first described by Michielsen et al., [32]. Some advantages of MRI include the abdominal 

assessment which is not hindered by adhesions or tumor, and it is a non-invasive procedure without 

ionizing radiation. In addition, MRI is superior for detecting liver metastases, which can omit patients 

for surgery [33]. 
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Further investigations towards the accuracy and effectiveness of preoperative MRI assessment in 

multicenter settings are ongoing. One prospective observational study, MISSION/ MRStagingOC, 

aims to determine whether MRI can correctly determine whether a complete CRS can be achieved in 

patients undergoing upfront or interval CRS for advanced-stage ovarian cancer [34]. Inclusion started 

in April 2018, and the first results are expected in 2022. A UK study, MROC, is also ongoing to 

determine whether additional MRI will affect clinical decision-making [35]. Chapter 7 presents the 

rationale and methods of a randomized controlled trial, DISCO, which aims to determine whether 

the use of MRI staging in the diagnostic work-up to CRS-HIPEC will effectively reduce futile surgical 

explorations. Patient inclusion for this trial started in December 2019. In both the MISSION study and 

the DISCO trial, the cost-effectiveness of routine preoperative MRI will be evaluated. 

 

Limitations 

There are certain limitations to adding MRI to the diagnostic work-up of patients considered for CRS. 

Our protocol runs on a high field strength MRI scanner (3 Tesla; 3T). Not all hospitals will have such 

technology at hand. However, as the CRS(-HIPEC) treatments also require highly specialized and 

well-outfitted centers, we expect that most centers have a 3T MRI at their disposal. However, the 

more widely available 1.5T has shown promising results for detecting PM from various tumor origins, 

as well [36, 37]. Closely related, specialized abdominal radiologists with experience with DWI in 

oncological imaging will likely be most accurate in their assessments for these indications. Another 

disadvantage of MRI assessment is that no histological proof can be obtained. However, patients are 

often referred with histological proof from previous surgery, and often a peritoneal lesion may be 

accessible by biopsy. Furthermore, DWI has a relatively high incidence of artifacts [38, 39]. Newly 

emerging image acquisition techniques like turbo spin-echo DWIBS aim to resolve these issues [40], 

and deep-learning-based image reconstruction may play an important role here, too [41]. 
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Future perspectives 

The role of MRI with a large field of view may even be extended further to most oncologic imaging as 

developments in whole-body MR acquisition and reconstruction methods with or without deep 

learning will provide quicker acquisition times without a loss of detail [41, 42]. This could allow for a 

one-stop-shop for oncologic imaging without exposure to ionizing radiation. The STREAMLINE study 

has already shown that staging with whole-body MRI has similar accuracy to standard staging 

pathways in newly diagnosed lung and colorectal cancer and saves costs [43, 44]. 

Accurate noninvasive assessment of PM also provides opportunities for further strategic follow-up 

imaging policies. For instance, patients at risk for PM after primary curative resection may benefit 

from early metachronous or recurrent PM detection with MRI follow-up. Considering that patients 

with a low extent of PM have better survival odds, early detection and subsequent complete CRS(-

HIPEC) would likely benefit patient outcomes. The benefit of early metachronous colorectal PM 

detection is currently under investigation using second-look and third look laparoscopy [45]. 

Response assessment to intra-abdominal chemotherapy techniques [46-49] or systemic therapies 

may also be facilitated by MRI assessment. The apparent diffusion coefficient (ADC) may play a 

central role as a quantitative imaging biomarker of response. In recurrent ovarian cancer, changes in 

all tumor ADC values after just one cycle of chemotherapy were associated with progression-free and 

overall survival [50]. An imaging marker for treatment response can be helpful to intervene early in 

treatment strategies when the benefit of the current regimen is expected to be limited.  

Imaging biomarkers can also derive from high-order imaging features on any imaging modality. To 

further support the subjective image assessment by the radiologist, emerging advanced image 

analysis methods, like radiomics and machine learning, may expose imaging patterns that correlate 

with tumor volume, patient survival, or genetic signatures. Image assessment aids (software as a 

medical device) that use machine learning are no longer future talk as many commercial products 

have entered the healthcare market with FDA or CE approvals [51]. Such software has yet to emerge 

for PM. Some opportunities in advanced-stage ovarian cancer and colorectal PM are 

prognostications, predicting the extent of PM or total abdominal tumor volume, diagnosing occult 

peritoneal metastases or extra-peritoneal metastases, risk assessment for developing metachronous 

PM, or risk of developing chemotherapy resistance.  

Some exploratory research has demonstrated the potential of advanced image analytics in patients 

with PM to extract diagnostic and prognostic information from CT and MRI. Rizzo et al. demonstrated 

that from ovarian masses of 101 high-grade serous ovarian cancer patients, specific radiomic features 

from CT were associated with incomplete CRS and disease progression within 12 months [52]. Vargas 

165 



General discussion 

Discussion, Future perspectives, and Clinical recommendations 

et al. showed that by segmenting all detectable sites of ovarian cancer, inter-site heterogeneity could 

be characterized by radiomic features associated with overall survival and incomplete CRS [53]. Other 

studies have also demonstrated associations between radiomics features and response to 

immunotherapy and histological subtypes [54, 55]. With CT imaging feature selection techniques 

using deep-learning methods, a radiomic model was predictive of PFS and showed AUCs of 0.77-0.83 

in the test and two validation cohorts [56].  

With or without AI algorithms, accurate noninvasive imaging of PM with MRI will provide valuable 

information for preoperative assessment and patient selection. Furthermore, it can lead to 

improvements in other areas of the clinical path of patients with or at risk for PM, like restaging and 

follow-up.  
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Recommendations 

Based on our work and in the context of the available evidence, we have the following 

recommendations for the current clinical practice: 

- It is essential to systematically register the extent of PM to compare cohorts in research and 

clinical practice. We recommend using the PCI or the 7RC for ovarian and colorectal cancer 

for systematic registration. 

- Consider abdominopelvic MRI as a problem-solver for CRS(-HIPEC) candidates in patients 

with peritoneal metastases. 

- When evaluating the abdomen for colorectal PM, one should be aware of the primary tumor 

location and the abdominal sites associated with its location. 

- To support interdisciplinary communication and understanding, we advise using the same 

scoring system for imaging, surgical, and pathology assessment to determine the extent of 

PM. 

 

Conclusions 

One thing is clear: complete cytoreductive surgery is the most defining factor of patient outcomes of 

advanced-stage ovarian cancer and colorectal PM [2, 7]. This fact, together with all the ongoing 

developments regarding perioperative treatment strategies ( such as OVHIPEC-1[57], OVHIPEC-

2[58], CAIRO-6[59], CHIPPI-1808 [60], PRODIGE-7 [2], SCORPION [7], TRUST [61], and ANTHALYA 

[62]), reinforces the need for the accurate non-invasive staging of PM for patient selection. This 

dissertation presents the first essential steps for a much-anticipated improvement in the diagnostic 

work-up of patients considered for CRS and paves the way for high-level evidence to change national 

guidelines and inspire those internationally. 

Diminishing the need for surgical explorations (open or laparoscopic) with MRI assessment will 

benefit patients by preventing recovery from futile surgery and having a better-informed operating 

physician at the multidisciplinary meeting and during the CRS procedure. With the implementation 

of MRI, the surgeon’s reliance on the radiologist’s findings to evaluate patients before CRS(-HIPEC) 

will require ongoing close collaboration between the two disciplines to not only provide information 

on the extent of PM but also to report specific findings which add to surgical complexity or even 

render complete CRS infeasible. A multidisciplinary approach ensures the best treatment for each 

patient.  The MISSION study[34] for advanced-stage ovarian cancer patients and the DISCO trial[63] 

for colorectal PM patients will provide definite answers on the utility and effectiveness of MRI for 

patients considered for CRS(-HIPEC). 
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Impact paragraph 

Surgery can improve the life expectancy for cancer patients whose tumors have spread onto the 

abdominal lining, i.e., peritoneal metastases. This extensive surgical procedure removes all visible 

tumors on the abdominal lining and has a high risk of severe complications. More importantly, not all 

patients will benefit from this aggressive approach. Therefore, careful selection is necessary to 

provide the most optimal care to each patient. The extent of abdominal disease determines the 

potential benefit from surgery; more disease often means less local control after surgery. The 

problem is that CT cannot accurately depict PM. This means that the surgeon can only accurately 

determine the extent of disease either during open or minimally invasive surgery. However, surgical 

staging is invasive with risks of complications. In addition, the surgeon cannot always assess every 

abdominal region due to tumor lesions and adhesions. 

Part 1 of this dissertation focuses on how surgeons best describe the extent of PM found in patients 

with ovarian cancer. A systematic approach could allow for uniformity among treating hospitals and 

provide valuable information to guide treatment decisions. An international standard has already 

been decided upon for PM of colon cancer, namely the Peritoneal Cancer Index. This scoring system 

could very well be used in ovarian cancer, but other systems are also used in ovarian cancer. We 

summarized the performance of all tested scoring systems and also evaluated the performance of 

the seven region count. We found that a greater extent of PM was associated with not achieving 

meaningful surgery and recurrence of disease and a lower life expectancy after meaningful surgery. 

This shows valuable information to be won by carefully describing the extent of PM from ovarian 

cancer in a scoring system. 

Part 2 of this dissertation explores the possibility of obtaining detailed knowledge concerning the 

extent of peritoneal without the need to perform surgery. This would allow the operating physician 

and patient to make important decisions regarding treatment options without needing surgery first. 

From the literature, we compared the performance of three imaging techniques that could detect 

PM and found that magnetic resonance imaging (MRI) has the most potential. In a small group of 

ovarian cancer patients, we tested an MRI scan that was specifically tailored to detect PM, and we 

were able to be as accurate as surgery. In addition, we showed that the Peritoneal Cancer Index 

determined on MRI in colon cancer patients correlated with life expectancy, one of the reasons why 

this scoring system is routinely determined during surgery. We also demonstrated that we could use 

MRI to show distinct patterns of peritoneal metastases spread depending on the location of the 

original colon tumor in the abdominal cavity, which might explain the differences in prognosis 

between left and right colon cancer. Finally, we share the reasoning and methods of a clinical trial 
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that will determine whether MRI effectively relieves the need for surgery to determine the extent of 

PM for patients with colon cancer. 

In conclusion, MRI can effectively describe PM from ovarian and colon cancer. Therefore, MRI can 

play an essential role in clinical decision-making before surgery. This will likely prevent patients from 

receiving unnecessary surgery and allow surgeons to be better prepared for the extensive surgical 

procedure. 

This research supports the use of MRI as a valuable addition to the diagnostic toolbox of a surgeon or 

gynecologic oncologist considering operating on a patient with PM. As a result, our research group 

has initiated further investigations towards the role of MRI for these patients. Two studies are 

ongoing in different hospitals around the Netherlands, one for ovarian cancer patients and one for 

colon cancer patients. If these studies show positive results, MRI will likely become part of the 

standard diagnostic workup of the patients in the Netherlands. The results will then also inspire other 

national or international guidelines as well. Furthermore, we have already had the privilege of sharing 

the research presented in this dissertation at national and international meetings in radiology, 

surgery, and gynecology, such as the European Congress of Radiology and the Peritoneal Surface 

Oncology Group International.  

The research in this dissertation will hopefully lead to meaningful improvements in the diagnostic 

workup of patients with PM, open doors to new treatment decisions, and allow for more patient 

involvement in these decisions. 
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Summary 
The treatment of ovarian or colorectal peritoneal metastases (PM) consists of 2 essential 

components, namely the surgical removal of all visible tumor in the peritoneal space and the local or 

systemic administration of chemotherapy to help remove all remaining tumor cells. Effectively 

selecting those patients who are eligible for treatment is a clinical challenge due to known limitations 

of computed tomography (CT) and invasive surgical exploration methods. This dissertation 

addresses this by investigating methods of describing tumor extent during surgery and by 

investigating whether magnetic resonance imaging (MRI) is an appropriate tool to describe the tumor 

extent with these same methods. 

 

Surgical exploration 

Surgical exploration during laparotomy is the reference standard for determining the extent of PM 

and allows to operating physician to determine whether complete surgical removal of the tumor is 

feasible. A scoring system that quantifies the extent of PM can aid the operating physician with this 

decision by bringing a level of objectivity or uniformity to the assessment. In colorectal surgery, the 

peritoneal cancer index (PCI) serves as a standard for describing the extent of PM and guides 

decision-making. In ovarian PM surgery, no such standard exists as of yet. From chapter 1, we 

conclude that PCI could very well be used for ovarian PM but there are also other promising 

candidates such as the Fagotti score. Chapter 2 shows that the extent of PM, as described by the 7 

region count, is not only relevant for determining whether surgery is feasible but is also 

independently associated with disease-free and overall survival. This emphasizes that the extent of 

PM has value as a prognostic marker in ovarian PM patients regardless of the surgical outcome.  

 

Radiological exploration 

Having elaborated on the importance of the extent of PM evaluated during surgery, chapter 3 aims 

to determine which imaging modality can be applied to best obtain this information when clinical 

decision-making can still be done at no cost to the patient. Of CT, MRI and positron emission 

tomography CT (PET-CT), MRI showed to be the most promising non-invasive modality. Chapter 4 

describes our first experience with abdominopelvic MRI for determining the extent of PM with the 

PCI in ovarian cancer. Chapter 4 addresses how MRI findings can show patterns of peritoneal spread 

associated with the location of the primary colon tumor, and chapter 5 shows that the PCI is 

associated to prognosis in a radiological cohort of colorectal PM patients with MRI findings much like 

the known prognostic value of PCI obtained at surgical exploration. These findings alongside the 

efforts of other research groups have led to the hypothesis that the addition of abdominopelvic MRI 

to the diagnostic work-up of patients with peritoneal metastases considered for surgical treatment 

would reduce the number of futile surgeries because extent of PM on MRI is sufficiently reliable for 

clinical decision-making and therefor relieves the need for surgical exploration. Chapter 6 shares the 

rational and methods of an ongoing randomized controlled trial to investigate this hypothesis in 

colorectal PM patients.  
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Conclusion  

A better-informed preoperative assessment of patients with peritoneal metastases considered for 

surgical treatment can take place with the accurate findings on MRI. The multidisciplinary team and 

the patients will be able to consider the extent of PM and its predictive and prognostic value in 

deciding which treatment strategy is best suited for each patient. An ongoing trial will shine light on 

whether this would have a meaningful impact on patient care by reducing the number of futile 

surgical explorations.  
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Samenvatting 
De behandeling van ovarium- of colorectale peritoneale metastasen (PM) bestaat uit 2 essentiële 

componenten, namelijk de chirurgische verwijdering van alle zichtbare tumor in de peritoneale 

ruimte en de lokale of systemische toediening van chemotherapie om alle resterende tumorcellen te 

helpen verwijderen. Het effectief selecteren van die patiënten die in aanmerking komen voor 

behandeling is een klinische uitdaging vanwege de bekende beperkingen van computertomografie 

(CT) en invasieve chirurgische exploratiemethoden. Dit proefschrift gaat hier op in door methoden te 

onderzoeken om de omvang van de tumor tijdens chirurgie te beschrijven en door te onderzoeken of 

magnetische resonantie beeldvorming (MRI) een geschikt hulpmiddel is om de omvang van de tumor 

met dezelfde methoden te beschrijven. 

Chirurgische exploratie 

Chirurgisch onderzoek tijdens laparotomie is de referentiestandaard voor het bepalen van de 

omvang van PM en stelt de opererend arts in staat te bepalen of volledige chirurgische verwijdering 

van de tumor haalbaar is. Een scoresysteem dat de omvang van PM kwantificeert, kan de opererend 

arts helpen bij deze beslissing door een mate van objectiviteit of uniformiteit in de beoordeling te 

brengen. Bij colorectale chirurgie dient de peritoneale kankerindex (PCI) als standaard om de omvang 

van PM te beschrijven en de besluitvorming te begeleiden. Bij ovariële PM-chirurgie bestaat een 

dergelijke standaard nog niet. Uit hoofdstuk 1 concluderen we dat PCI heel goed kan worden gebruikt 

voor ovariële PM, maar er zijn ook andere veelbelovende kandidaten zoals de Fagotti-score. 

Hoofdstuk 2 laat zien dat de omvang van PM, zoals beschreven door het aantal 7 regio's, niet alleen 

relevant is om te bepalen of chirurgie haalbaar is, maar ook onafhankelijk geassocieerd is met 

ziektevrije en algehele overleving. Dit benadrukt dat de omvang van PM waardevol is als een 

prognostische marker bij ovariumpatiënten met PM, ongeacht de chirurgische uitkomst. 

Radiologische exploratie 

Nadat we ingegaan zijn op het belang van de mate van PM die tijdens de operatie wordt geëvalueerd, 

heeft hoofdstuk 3 tot doel te bepalen welke beeldvormingsmodaliteit kan worden toegepast om deze 

informatie het best te verkrijgen wanneer klinische besluitvorming nog steeds kosteloos voor de 

patiënt kan worden gedaan. Van CT, MRI en positron emissie tomografie met CT (PET-CT) bleek MRI 

de meest veelbelovende niet-invasieve modaliteit te zijn. Hoofdstuk 4 beschrijft onze eerste ervaring 

met abdominopelvische MRI voor het bepalen van de uitgebreidheid van PM met de PCI bij 

eierstokkanker. Hoofdstuk 4 behandelt hoe MRI-bevindingen patronen van peritoneale verspreiding 

kunnen laten zien die verband houden met de locatie van de primaire colontumor, en hoofdstuk 5 

laat zien dat de PCI geassocieerd is met de prognose in een radiologisch cohort van colorectale PM-

patiënten met MRI-bevindingen vergelijkbaar met PCI verkregen bij de exploratie in een chirurgisch 

cohort. Deze bevindingen, samen met de inspanningen van andere onderzoeksgroepen, hebben 

geleid tot de hypothese dat de toevoeging van abdominopelvische MRI aan de diagnostische 

opwerking van patiënten met peritoneale metastasen die worden overwogen voor chirurgische 

behandeling, het aantal vergeefse operaties zou verminderen omdat de omvang van PM op MRI 

voldoende betrouwbaar is voor klinische besluitvorming en verlicht daarbij de noodzaak voor 

chirurgische exploraties. Hoofdstuk 6 deelt het rationaal en de methoden van een lopende 

gerandomiseerde gecontroleerde studie om deze hypothese te onderzoeken bij colorectale PM-

patiënten. 
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Conclusie 

Een beter geïnformeerde preoperatieve beoordeling van patiënten met peritoneale metastasen die 

in aanmerking komen voor chirurgische behandeling, kan plaatsvinden met de betrouwbare 

bevindingen op MRI. Het multidisciplinaire team en de patiënten zullen in staat zijn om de 

uitgebreidheid van PM en de voorspellende en prognostische waarde ervan te overwegen bij het 

beslissen welke behandelingsstrategie het meest geschikt is voor elke patiënt. Een lopende studie 

zal uitwijzen of dit een zinvolle impact zal hebben op de patiëntenzorg door het aantal vergeefse 

chirurgische handelingen te verminderen. 
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