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1
Introduction and outline

Colorectal cancer (CRC) is the third leading cause of cancer-related death in males and 

females in developed countries, responsible for 9% of all cancer death.1 Metastases in 

distant organs, which develop in 50% of CRC patients, are responsible for the majority of 

CRC death. The most common localizations for CRC metastases are liver, lung and the intra-

abdominal cavity. Although the treatment of colorectal cancer has undergone substantial 

improvements in the last decades in terms of screening, surgical management and (adjuvant) 

chemotherapy, 5-year survival rates for all patients has improved only 51% to 65% during 

the last 30 years.2, 3 Treatment of metastatic disease should therefore be optimized and novel 

methods for personalized cancer treatment should be developed; which are the main topics 

of this thesis. 

Current treatment of colorectal cancer

Treatment of stage I-III colon and rectum carcinoma

Early detection of colorectal malignancies increases chances for cure largely. Recently, a 

biennial colorectal-carcinoma-screening program was introduced in the Netherlands for 

individuals of 50 years of age. It has been shown that screening with a faecal occult blood 

test (FOBT) can result in around 16% reduction of CRC mortality.4 In the Netherlands, the 

immunochemical faecal occult blood test (iFOBT) is distributed, with an improved detection 

rate established by specific haemoglobin detection.5 Possibly, even more reduction of CRC 

mortality can be expected in the upcoming years. 

Complete surgical resection is the key treatment of early stage colorectal cancer. The 

role of neo adjuvant treatments in early stage colorectal cancer is much debated and not 

yet established. Therefore, considerably differences do exist in the use of neo-adjuvant 

treatment.6 Due to its anatomical location and related biological behaviour, rectal cancer 

tends to recur locally more frequently. Consequently, in patients with rectal cancer more 

often neo-adjuvant treatment, consisting of radiotherapy or chemoradiation, is applied to 

achieve local control and survival. 
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Treatment of stage IV colorectal carcinoma

Stage IV colorectal cancer is defined by the existence of distant metastasis. The most common 

sites are liver, lung and distant lymph node metastases followed by peritoneal metastasis; 

less common localisations are brain and bone metastasis. Up to 20% of colorectal patients 

presents with metastasis at primary diagnosis and another 30-40% will experience distant 

metastasis in the course of the disease.12 

Liver metastasis

Modern-day chemotherapy regimens including capecitabine or 5FU with oxaliplatin or 

irinotecan have benefitted the progression-free survival of patients with liver metastasis. 

Only resection of liver metastases offers a chance of cure, with 5-year survival rates of 

around 40% after resection.13, 14, 15 However, not every patient with liver metastasis is 

eligible for surgical resection. One of the criteria for eligibility is that the volume of the 

remnant liver should be more than 20% of the original volume. When this criterion cannot 

be met, induction chemotherapy can be administered, the vena portae can be embolized 

or a two-stage procedure could be considered. The goal is always to achieve complete 

resection; Resection margins may be tight, depending on the patient and localization of the 

metastasis in the liver. Besides resection there are other options for local therapy, such as 

radio frequency ablation and microwave ablation.

Lung metastasis

The Dutch national guidelines do not go into the matter of surgical treatment for lung 

metastasis. This is probably due to the fact that there is no high-level evidence available. 

However, with strict patient selection, resection of lung metastasis can be considered, as long 

as a complete resection is feasible. Five-year survival rates after pulmonary metastasectomy 

are reported to be between 32% and 78%, Number of metastasis, size of largest metastatic 

nodule, distribution of metastasis, preoperative CEA and lymph node metastasis are the 

most relevant prognostic factors.16

Systemic chemotherapy can be applied in three different settings: to complement resection 

of curable metastasis, to downsize potentially resectable metastases, or to palliate in the case 

of permanent non-resectable metastasis. In all settings generally doublet chemotherapy (5FU 

+ irinotecan/oxaliplatin) is recommended. Addition of targeted agents, such as bevacizumab 

or anti-EGFR agents can be considered for downsizing or palliative treatment, depending on 

RAS-mutation status. 
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1
Peritoneal metastasis

Peritoneal metastases generally are less likely to respond to systemic chemotherapy as 

compared to liver or lung metastasis.17, 18, 19 Peritoneal metastasis follows a different 

metastatic route than the haematological spread of liver and lung metastasis, therefore 

a different biology is suggested. With this in mind, a different approach for the treatment 

of peritoneal metastases has been developed. Selected patients with peritoneal metastasis 

of colorectal origin are recommended to undergo a multimodality treatment involving 

cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC). The 

purpose of the cytoreduction is to remove as much peritoneal disease as possible so that 

the intraperitoneal heated chemotherapy can access the potentially remaining tumor cells. 

Selection criteria for this procedure are metastasis restricted to the peritoneum, and limited 

intra-abdominal tumor load, so that an adequate complete cytoreduction is possible. 

The Netherlands Cancer Institute (Antoni van Leeuwenhoek – Nederlands Kanker Instituut) 

was the first hospital that performed the CRS-HIPEC treatment in the Netherlands in 1995.20 

The CRS-HIPEC technique, protocol and patient selection were further developed in the The 

Netherlands Cancer Institute following the method and earlier publications of Sugarbaker et 

al.21 The only conducted randomized controlled trial (RCT) comparing CRS-HIPEC followed by 

systemic chemotherapy to conventional chemotherapy showed a significant improvement of 

survival of patients after CRS-HIPEC with mitomycine C. This RCT showed that patients who 

underwent CRS-HIPEC followed by systemic chemotherapy had a median survival of 22.3 

months compared to 12.6 months in patients who received systemic chemotherapy only. 22 23 

 It has been confirmed in several large series that patients with colorectal peritoneal metastases 

after complete CRS-HIPEC have a 5-year survival of 37-51%. 24, 25, 26 Prognostic factors for 

survival after CRS-HIPEC have shown to be peritoneal disease burden, completeness of 

cytoreduction, epithelial subtype, and lymph node involvement.27, 28 Recently, several other 

hospitals in the Netherlands have started the CRS-HIPEC procedure; they implemented the 

treatment protocol as has been used in the randomized trial. Since CRS-HIPEC is a complex 

procedure, only dedicated expert centres should perform this treatment. Before a hospital 

can start with the procedure, it is highly recommended for the surgeons and other involved 

medical specialists to undergo a training program. 
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Looking into the pathology and pathogenesis of colorectal cancer 
Macroscopic features of colorectal cancer

Colorectal cancer can be located in the colon, from the ascending colon until the sigmoid, and 

in the rectum. Colorectal cancers can originate from adenomas or flat dysplasia and progress 

into different morphological patterns. Tumours in the proximal colon mostly grow as polyps 

or fungating exophytic dysplasia, whereas tumours of the more distal colon are commonly 

annular lesions with an “apple-core” appearance. (Figure 1a)29 In the latter growth pattern 

constriction and narrowing of the bowel lumen can occur, resulting in bowel obstruction. 

Figure 1 Histopathology of colorectal carcinoma 

Figure 1A:  Macroscopy of colorectal tumours. Left showing exofytic growth.  

Right showing an ‘apple-core’ laesion.

Histopathology

The colonic wall consists of mucosa, submucosa, muscularis propria and serosa. The 

mucosa contains columnar epithelium with in-between mucus-producing goblet cells, the 

lamina propria and the muscularis propria. More than 90% of colorectal carcinomas are 

adenocarcinomas and originate from the epithelial cells of the mucosa. Adenocarcinomas 

have a glandular growth pattern, on which tumour grading is based (Table 1, Table 2). 

Well-differentiated adenocarcinoma consists of almost only gland forming tumour. 

Moderately differentiated adenocarcinoma contains 50-95% of gland formation and poorly 

differentiated adenocarcinoma has less than 50% gland formation. Within the glands there 

is formation of necrotic debris. (Figure 1B)30 Colon tumors extend transmurally from the 

mucosa through the submucosa, muscularis propria into pericolic or perirectal soft tissue. 

Depending on the anatomical site, extension into the serosal surface, the peritoneal cavity 

or pelvic structures can occur. 
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Table 1 pTNM classification of colorectal tumours 68

Table 2 Survival in relation to pTNM and stage 69 

pTNM Colon and Rectum Cancer Staging - fifth edition

pT  Primary tumour

pTx  Primary tumour cannot be assesed

pT0 No evidence of primary tumour

pT1 Tumour invades submucosa

pT2 Tumour invades muscularis propria

pT3  Tumour invades through muscularis propria into subserosa or  

non-peritonealised pericolic or perirectal tissues

pT4 Tumour directly invades other organs

pN  Regional lymph nodes

pNx Regional lymph nodes cannot be assessed

pN0 No regional lymph node involvement

pN1 Involvement of 1 to 3 regional lymph nodes

pN2 Involvement of 4 or more regional lymph nodes

pM  Distant Metastasis

pMx Distant metastasis cannot be assessed

pM0 No distant metastasis

pM1 Distant metastasis

AJCC Colon and Rectum Cancer Staging – fifth edition

Stage T N M 5-year survival

I T1-2 N0 M0 93.2%

II T3-4 N0 M0 82.5%

III Any T N1-2 M0 59.5%

IV Any T Any N M1 8.1%
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There are a number of histological variants of colorectal cancer, of which the two most 

common are mucinous adenocarcinoma and signet ring cell carcinoma. The most common 

variant on ‘normal’ intestinal adenocarcinoma is mucinous adenocarcinoma, which is defined 

by >50% of extracellular mucin within the total tumor volume.31 Mucinous adenocarcinoma 

depicts as large glandular structures with pools of extracellular mucin with a number of 

individual tumor cells, including occasional signet-ring cells. Another less frequent variant, 

less than 1% of colorectal cancers, is the signet-ring cell adenocarcinoma. Signet ring 

cells carcinoma is defined by presence of more than 50% of signet ring cells. Signet ring 

cells are cells with a large amount of intracytoplasmic mucina that pushed the nucleus to 

the periphery of the cell. Signet ring cells carcinoma is a poorly differentiated variant and 

associated with poor outcome. 30, 32 (Figure IC)30

Figure 1B:  Microscopy of colorectal tumours. Left showing a moderately differentiated adenocarcinoma 

with gland formation. Right showing necrotic debris inside the glands.

Figure 1C: Mucinous carcinoma (left) and signet-ring cell carcinoma (right).
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1
To confi rm the histological diagnosis of colorectal carcinoma several immunohistochemical 

markers can be used, like cytokeratin (CK) 20, CK 7 and CDX2. Most colorectal cancers are 

positive for CK20 and negative for CK7, whereas 20% of colorectal cancers may exhibit 

CK20 negativity and CK7 positivity.33 CDX2 is a enteric differentiation marker and is positive 

in more than 90% of colorectal carcinomas, but can also show positivity in carcinomas of 

other gastro-intestinal tissues.34, 35

Pathogenesis and molecular classifi cation

The majority of colorectal adenocarcinomas derive from precursor lesions, such as adenomas 

or serrated polyps. Sporadic precursor lesions can progress to adenocarcinoma; and will in 

10% of the cases. After the age of 50 this risk increases. Dysplastic lesions found in patients 

with the history of infl ammatory bowel disease are also precursors for colorectal cancer. 

Other risk factors for colorectal cancer manifestation are hereditary syndromes, such as 

Lynch syndrome and familial adenomatous polyposis (FAP). Lynch syndrome is the most 

common autosomal dominant inherited colorectal cancer syndrome. This syndrome results 

from germline mutations in one of the DNA mismatch repair genes (MLH1, MSH2, MSH6 

and PMS2) and causes a microsatellite instable tumours.36 Microsatellites are repetitive DNA 

sequences that are prone to errors during DNA sequences if the mismatch repair system 

is defective. Microsatellite instability (MSI) is defi ned as alterations in the length of the 

microsatellite sequences.

FAP is a rather infrequent autosomal dominant inherited colorectal cancer syndrome, 

characterized by development of a huge amount of adenomatous polyps in the colon and 

rectum. Patients with FAP generally have a germline mutation of the adenomatous polyposis 

coli (APC) gene. The APC suppressor gene is a very large gene. Mutations can happen 

anywhere in the gene, and consist mostly of nonsense mutations, insertions and deletions, 

resulting in a truncated protein, leading to nuclear accumulation of beta-catenin.37 This 

activates the beta-catenin/Tcf transcription factor complex, causing uncontrolled activation 

of the Wnt-signaling pathway of tumorigenesis.38

The defi nition of colorectal carcinoma 

A malignant epithelial tumour of the colon or rectum. Only tumours that have 
penetrated through the muscularis mucosa into the submucosa are considered 
malignant at this site. The presence of scattered Paneth cells, neuroendocrine 
cells or small foci of squamous cell differentiation is compatible with the 
diagnosis of adenocarcinoma. 31
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The latter two hereditary syndromes have served as two different examples for understanding 

different molecular mechanisms of colorectal pathogenesis. As mentioned earlier, Lynch 

syndrome follows the MSI pathway, while in contrast FAP is the result of mutations in the 

APC gene, which is the basis of the Fearon-Vogelstein tumorigenesis model. This model 

depicts the chromosomal instability (CIN) pathway. (Figure 2) 38

Genetic changes in colorectal carcinoma

Many genetic abnormalities contributing to the malignant phenotype of colorectal cancer 

cells have been identified. These genetic abnormalities allow colorectal cancer to arise, 

progress and metastasize through activation of signalling pathways usually triggered by 

activated growth factor receptors. However, a relatively limited number of oncogenes and 

tumour suppressor genes, most prominently the APC, KRAS, PIK3CA, SMAD4 and p53 

genes, are mutated in a sizeable fraction of CRCs, expanding numbers of genes that are less 

frequently mutated have been found.38 

The discovery of new frequently involved genetic abnormalities in colorectal cancer shows 

that colorectal cancer is a very heterogeneous disease. Every individual has its own set of 

genetic aberrations; therefore a more personalized approach is needed. 

Figure 2 The ‘Vogelgram’42

Figure 2 The Vogelgrams details the sequence of molecular alterations in genes that cause colorectal 

carcinoma to develop  

normal epithelium aberrant crypts
foci

early adenoma intermediate
 adenoma

late adenoma metastasis
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APC

APC
first hit germ line 
mutation
(FAP)
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Knowing the mutation status of cancer genes can give us information on prognosis and 

response, or lack of response to (targeted) treatments, such as lack of response to anti-EGFR 

therapy in KRAS mutant patients.39 In the current treatment guidelines is stated that RAS 

mutated patients should not receive anti-EGFR therapy, but rather bevacizumab.6

Emerging insights in relations between gene mutations and signalling pathways have led to 

trials with new targeted-treatment strategies for known key players in colorectal cancer. For 

BRAF mutated cancer a clinical trial with the combination of a BRAF inhibitor and an EGFR 

inhibitor is on going (NCT01719380), supported by vast preclinical evidence.40 However, 

since inhibition of certain players in signalling pathways often is rescued, for the majority 

of cancer gene mutations no effective treatment strategies have been developed yet. More 

detailed mechanistic studies are required to position frequently mutated colorectal genes in 

driver pathways. 

Colorectal driver pathways

Several driver pathways involved in the transformation from stem cells into differentiated 

cells are involved in the onset of carcinoma. There is selection for mutations in these 

pathways as they play an important role in the proliferation and differentiation of normal 

(stem) cells. They can be divided by pathways controlled by tumour-suppressor genes and 

pathways controlled by oncogenes. 

Tumor-suppressor-gene-controlled pathways

First, the Wnt-B-catenin signalling pathway is activated in the majority of colorectal 

carcinomas, due to mutations in the APC tumor suppressor gene. APC mutations can 

activate Wnt-signalling, which is the first step of the classical adenoma-carcinoma sequence. 
41, 42 Without functional APC, the break on beta-catenin is lost, it will accumulate in the 

cell, and activate transcription factors in the nucleolus. These transcription factors regulate 

genes that are involved in cellular activation, and when disturbed can lead to unrestricted 

cell growth.43 

Second, the p53 pathway is often disabled by inactivation of the TP53 gene. P53 mediates 

cell-cycle arrest and a cell-death checkpoint, which can be activated by multiple cellular 

stresses.44 Inactivation of the p53 pathway can lead to the transition of adenoma into 

invasive carcinoma.45
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Another tumour-suppressor gene mediated pathway involved in progression to colorectal 

cancer is the TGF-B signalling pathway. About one third of colorectal cancers contain 

somatic mutations that inactivate TGFBR2.46, 47 TGF-beta signalling can also be hampered 

by mutations and deletions of the downstream components SMAD4, SMAD2, or SMAD3. 

Mutations that inactivate the TGF-beta pathway coincide with the transition from adenoma 

to high-grade dysplasia, but can also play a role in the epithelial-to-mesenchymal transition 

involved in metastasis.48, 49, 50

Oncogene-controlled pathways

Mutations in oncogenes RAS and BRAF occur frequently, resulting in up-regulation of the 

MAPK signalling pathway. Mutations in RAS, mostly in KRAS, but also in HRAS and NRAS, 

result in constitutive activation of its target protein including C- and B- RAF. BRAF mutations 

signal through BRAF serine-threonine kinase activity, which further drives the MAPK pathway, 

resulting in cell survival and apoptosis suppression.51, 52 

Approximately one third of colorectal cancers contain activating somatic mutations in PI3KCA 

encoding the catalytic component of the PI3K enzyme complex. 53 Other routes of activation 

of the PI3K signalling pathway include loss of the negative regulator PTEN and amplification 

of insulin receptor substrate 2 (ASR2). Also amplification of both AKT and PAK4 can result in 

activation of PI3K signalling. Both MAPK and PI3K signalling are mainly mediated by EGFR, 

but also other receptor tyrosine kinases, and have numerous interactions. (Figure 3) It has 

been shown that colorectal cancers with tumour-promoting mutations in these pathways do 

not respond to anti-EGFR therapy.39, 54, 55 

It would be useful to combine genomics analysis with pathway activity status, for instance 

through the measurement of phosphorylation status of proteins involved in signalling 

pathways, or by distinguishing gene expression signatures associated with pathway 

activation. This strategy could allow for the identification of well-defined driver signalling 

pathways for individual tumours, permitting clinicians to choose a personalized targeted 

therapy matching the individual tumour genotype.56
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Molecular classification systems

There have been several efforts to classify colorectal cancer into clinical and biological relevant 

gene expression based clusters to stratify patients for treatment.57, 58, 59 The classification 

systems of these studies look different, but they essentially largely overlap.60 Unfortunately, 

the classification systems for colorectal cancer have not proven to be solid enough for 

guidance in therapeutic decision-making yet. Although these classifications can discriminate 

groups of patients with different prognosis, they still need to be optimized and validated as 

a clinical-decision-making tool. 

Figure 3: RTK and P13 pathways70

Figure 3 Gene products in red boxes indicate that the corresponding genes are mutated in the 

germline (and generally also are somatically mutated in nonfamilial tumors) Gene products in green 

boxes indicate that the corresponding gene has been found to be mutated only somatically. ‘GPG’ 

denotes growth-promoting-genes that is, genes that stimulate cell proliferation or inhibit the rate 

of cell death or arrest. Diamonds indicate protein-protein interactions. Red arrows and red T-bars 

indicate transcriptional induction and repression, respectively. Small circled ‘P’, ‘OH’ and ‘Ub’ represent 

covalently attached phosphate, hydroxyl and ubiquitin groups, respectively.

Figure 3a RTK pathway   

 

Figure 3b PI3K pathway
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Novelties in pre-clinical CRC research

To study individual tumour characteristics, usually, frozen or fixed samples are used. These 

samples represent a static situation of cells at the time point when they were denatured. 

To measure response of these cells to interventions, like targeted therapy, is difficult. For 

measuring pathway activation and inhibition, cycling cells are requested, therefore cell lines 

are often used for this kind of analysis.61 However, cell lines have lost several characteristics 

of original tumours during culture establishment and passage.62, 63, 64 For direct comparison 

to clinical outcome, it is vital to establish primary cultures that closely resemble the original 

tumour. 

In 2011 Sato et al. published a culture method for primary colorectal tissue, primarily colon 

crypts.65 This method is based on a three-dimensional (3D) culture assay using a basement-

membrane-like matrix. In this 3D-environment, colon cancer cells form organized 3D 

structures called ‘organoids’. The culture conditions included a growth factor rich medium 

complemented with Wnt3a, Rspondin and Noggin, found to be necessary to contain 

stemness in the cultured crypts; addition of nicotinamide, and inhibitors of ALK and p38, 

were required for long-term culture. They observed that colon carcinoma organoids were 

diversely affected by the addition of these compounds to the culture medium. These culture 

conditions provide a successful and fast system for primary culture of colorectal cancer 

tissue. Although xenografting is also a successful method to obtain primary cells for in 

vitro analysis, it takes months instead of weeks to harvest primary cells.66 Now 3D cultures 

are being implemented as a relevant in vitro assay, evidence is lacking how similar these 

cultures are to their original tumour; and if drug response is comparable. There is evidence 

that 3D cultures resemble the in vivo situation more closely than 2D cultures, based on 

drug response; however, no comparison has been made between 3D culture response and 

patient response.67 Also, the genomic stability of patient derived 3D cultures has not been 

thoroughly assessed. 

Rationale and outline of this thesis

The aim of this thesis is to provide insight in the current clinical practice of CRS-HIPEC 

treatment of peritoneal metastasis of colorectal origin; to discover possible regions for 

improvement and optimize this multimodality treatment. In addition, we established and 

validated a 3D culture method for colorectal cancer tissue as new (pre)clinical model for 

personalized cancer treatment research. 

Proefschrift Anke.indd   22 04-08-15   16:26



 General introduction and outline  |  23

1The first part of this thesis focuses on the treatment of peritoneal carcinomatosis by CRS-

HIPEC in the current clinical practice in the Netherlands. Chapter 2 of this thesis shows the 

long-term survival of 960 patients treated with CRS-HIPEC in the Netherlands for peritoneal 

metastasis from colorectal carcinoma, appendiceal carcinoma and pseudomyxoma peritonei. 

Chapter 3 shows the results of implementation of a standardized national CRS-HIPEC 

protocol in three new centres. In this chapter we compared outcome of the new centres 

to outcome of a historic cohort and a recent cohort of The Netherlands Cancer Institute. 

The results of the CRS-HIPEC procedure in new centres are subject to a learning curve. In 

chapter 4 we evaluated the learning curve of the three new centres and put it next to the 

learning curve of The Netherlands Cancer Institute in the pioneer phase. 

As described earlier, the presence of lymph node metastasis is a poor prognostic factor for 

outcome after CRS-HIPEC. Patients who have lymph node metastasis normally would receive 

adjuvant chemotherapy after the resection of the primary tumour. However, when synchronic 

peritoneal metastases were found, in the Netherlands, generally CRS-HIPEC was performed 

first. We hypothesized that this patient group can benefit from systemic chemotherapy more 

than patients without lymph node involvement. We therefore evaluated the administration 

and timing of perioperative chemotherapy in this patient group in chapter 5. 

The ovaries are often affected when peritoneal metastasis is present. The metastatic route 

involved in ovarian metastasis has been subject to debate; being either haematological 

spread, lymphatic spread, or peritoneal dissemination. In chapter 6 we evaluated whether 

ovarian metastases represent peritoneal metastases rather than systemic metastases and if 

they are a prognostic factor for outcome after CRS-HIPEC. 

The second part of this thesis focuses on the development and validation of a 3D culture 

system for primary colorectal cancer tissue. Primary organoid cultures derived from 

patients’ tumours hold promise for the improvement of cancer therapy. For this, organoid 

cultures should accurately represent primary tumors with respect to their morphological 

and genomic characteristics. In chapter 7 we describe the development of a 3D organoid-

culturing platform for primary and metastatic colorectal carcinoma derived from human 

tissues and also conducted comparative studies of the primary tumours and the organoid 

culture equivalents. The last chapter of the second part, chapter 8, consists of a discussion 

and future prospects of the colorectal carcinoma 3D organoid cultures.

This thesis ends with a summary of all results presented in chapter 9.
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Abstract

Purpose 

This nationwide study evaluated results of CytoReductive Surgery (CRS) combined with 

Hyperthermic IntraPEritoneal Chemotherapy (HIPEC) for peritoneal metastasis of colorectal 

origin in the Netherlands following a national protocol. 

Methods 

In a multi-institutional study prospective databases of patients with peritoneal carcinomatosis 

(PC) from colorectal cancer and pseudomyxoma peritonei (PMP) treated according to the 

Dutch HIPEC protocol, a uniform approach for the CRS and HIPEC treatment, were reviewed. 

Primary end point was overall survival and secondary end points were surgical outcome and 

progression-free survival.

Results

Nine-hundred sixty patients were included, 660 patients (69%) were affected by PC of 

colorectal carcinoma and the remaining suffered from PMP (31%). In 767 procedures (80%) 

macroscopic complete cytoreduction was achieved. Three-hundred and thirty one patients 

had grade III-V complications (34%). Thirty-two patients died perioperatively (3%). Median 

length of hospital stay was 16 days (range 0-166 days). Median follow-up period was 41 

months (95% confidence interval (CI), 36-46 months). Median progression-free survival 

was 15 months (95% CI,13-17 months) for CRC patients and 53 months (95% CI, 40-66 

months) for PMP patients. Overall median survival was 33 (95%CI, 28-38 months) months 

for CRC patients and 130 months (95% CI, 98-162 months) for PMP patients. Three- and 

five-year survival rates were 46% and 31% respectively in case ofCRC patients and 77% 

and 65% respectively in case of PMP patients. 

Conclusion

The results underline the safety and efficacy of cytoreduction and HIPEC for PC from CRC 

and PMP. It is assumed the uniform Dutch HIPEC protocol was beneficial.
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Introduction

CytoReductive Surgery (CRS) and Hyperthermic IntraPeritoneal Chemotherapy (HIPEC) as 

a treatment for peritoneal surface malignancies remains the subject to debate, especially 

amongst non-experts. It was questioned whether there is enough scientific evidence for this 

high risk procedure (New York Times August 11th, 2011). In the Netherlands, the outcome 

of this treatment was evaluated by a randomized controlled trial published in 2003, which 

showed survival benefit for patients treated with CRS-HIPEC compared to chemotherapy 

and palliative surgery in an intention to treat analysis.1 Results of this trial were obtained 

in a single expert centre. Since the benefits of the treatment were established, CRS-HIPEC 

procedures became widely available in now six hospitals in the Netherlands.

During the past decades, the incidence of colorectal carcinoma (CRC) has increased 

worldwide. Colorectal carcinoma is the second most common cancer in the Netherlands 

with an incidence of 12 000 new cases per year. In 2010, the colorectal mortality was 

12% of all cancer death in The Netherlands, with most deaths due to metastatic disease.2 

Besides liver metastases, peritoneal metastases are a common sign of tumor progression or 

recurrence of colorectal cancer. Two population-based studies reported recently incidences 

of synchronous peritoneal metastasis of 4.3% and 4.8%. Metachronous metastasis was 

reported to a rate of 4.2%.3, 4 

Peritoneal metastases are generally associated with a poor prognosis. In a multicentre 

prospective study, published in the year 2000, median overall survival was 5.2 months for 

patients with colorectal cancer, and all patients with this condition had a fatal outcome.5 Few 

studies have been carried out to study the effect of chemotherapy on peritoneal metastasis 

of colorectal cancer. A median survival of 6 months was reported of patients with PC 

primarily treated with 5-FU and Leucovorin.6 For patients with PC as the only metastatic site 

treated with systemic chemotherapy and palliative surgery somewhat better results were 

reported with a median overall survival of 12.6 months.7, 1 In recently published sub analyses 

of chemotherapy studies, patients with peritoneal carcinomatosis had a poorer prognosis 

than patients with other metastatic sites, independent of the chemotherapy regimen.8, 9 

Since systemic chemotherapy has not been very efficient to treat intra-abdominal tumor 

dissemination, novel therapies were developed.10 CRS-HIPEC is now becoming the preferred 

treatment option for many peritoneal surface malignancies, such as peritoneal metastasis of 
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colorectal cancer, malignant peritoneal mesothelioma and pseudomyxoma peritonei (PMP).11 

This treatment consists of local disease control by macroscopic complete cytoreductive 

surgery combined with hyperthermic intra-peritoneal chemotherapy to remove microscopic 

residual disease completely.

 

The CRS-HIPEC treatment can improve survival of patients with peritoneal metastasis of 

colorectal cancer. Five-year survival rates of between 19 and 51% have been reported.12, 13, 

14 For PMP patients, five-year survival rates of 73-86% have been reported.14, 15 Throughout 

the world, the CRS-HIPEC procedure is adopted as a possible curative procedure for 

peritoneal surface malignancies. However, there are many different treatment regimens for 

cytoreduction and HIPEC. The timing of the intraperitoneal chemotherapy is not universal. 

Possible treatment schedules include intra-operative intraperitoneal chemotherapy, 

early post-operative intraperitoneal chemotherapy (EPIC) or both. Also, several different 

chemotherapeutic drugs are used and applied in different doses and regimens.16, 15 

The question remains whether CRS-HIPEC once performed on a wider scale, is beneficial. In 

this study, we analysed the results of all CRS and HIPEC treatments in the Netherlands with 

a uniform protocol considering timing and chemotherapy use. 
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Patients and methods 

Patient selection

All patients that underwent CRS-HIPEC for peritoneal disease from colorectal origin in The 

Netherlands were included. The peritoneal malignancies originated from colorectal cancer, 

appendiceal cancer or pseudomyxoma peritonei (PMP). Patients were included between 

November 1995 and June 2012. The different institutions started at different time points (Fig.1). 

Treatment

The institutions performed the CRS- HIPEC procedure under the same standardized protocol. 

Extensive debulking with peritonectomy and, when needed, multiorgan resections were 

performed, as described by Sugarbaker et al. and all the latter recommendations.10, 11 The 

aim of the cytoreduction was to obtain a macroscopically complete CRS (R1) resection, 

which means that no macroscopically visible residual tumor was left at the end of the 

surgical resection. After the cytoreduction, the open perfusion protocol of the abdominal 

cavity with mitomycin C was carried out.17 The inflow temperature of the perfusate was 

41ºC - 42 ºC. As soon as this temperature was reached, mitomycin C was added, 35 mg/

m2 body surface, in three fractions (one half, one fourth, and one fourth of the total dose) 

with a 30-minute interval. Mitomycin C was used under the same schedule for all first 

HIPEC procedures. If a patient had undergone a HIPEC before, procedures were done with 

intraperitoneal oxaliplatin (460 mg/m2), systemic folinic acid (20 mg/m2) and 5-fluorouracil 

(5-FU; 400 mg/m2). When new institutions started performing CRS-HIPEC, a surgeon of an 

experienced institute monitored the procedure, to assure that the procedure was performed 

according to the Dutch HIPEC protocol. 

Data collection and analysis

Prospective databases and medical charts were reviewed for patient’s characteristics, operative 

details, pathology reports and outcome. In colorectal carcinoma, histological mucinous 

adenocarcinoma was defined as carcinoma with 50% of mucus. If there were any signet 

ring cells found in the tumor, it was considered a signet ring cell carcinoma. The participating 

hospitals used different classification methods for PMP. The classification system first described 

by Ronnett et al. that classifies PMP in DPAM, PMCA and PMCA-I was used.18 Also the more 

recent classification in low (DPAM) and high (PMCA / I) grade PMP was used, presented by 

the WHO in 2010.19 For this study, the latter grading system was applied or converted into.

Tumor load was measured by counting the affected abdominal regions (0-7).20 
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Completeness of CRS was determined according to the maximum thickness of tumor 

nodules left behind. No residual macroscopic tumor was graded as an R1 resection, residual 

macroscopic tumor < 2.5 mm was recorded as an R2a resection and if more disease was 

left behind, this was graded as an R2b resection.13 Hospital stay was defined as time in days 

from date of surgery to discharge. Morbidity was graded by the National Cancer Institute’s 

Common Toxicity Criteria of Adverse Events version 4.0 (CTCAE v4.0).21 For every procedure, 

the complication with the highest grade was listed. 

Survival was analysed separately for colorectal cancer and PMP patients, because of the 

different course of the disease. Progression-free survival was measured from the date of 

the HIPEC procedure until date of progression of the disease or date of last follow-up in 

censored cases. Overall survival was measured by the date of the HIPEC procedure and date 

of death or last follow-up date. Median progression free and overall survivals were expressed 

in months. Furthermore, 3- and 5-year overall survival rates were measured.

Statistical analysis

Clinicopathological characteristics and surgical outcome were analyzed by descriptive 

statistics. Categorical variables were compared using chi-square analysis or Fisher’s exact 

test where appropriate. Normally distributed variables were compared using the t test or 

one-way ANOVA as appropriate, non-parametric tests were used when variables were not 

normally distributed. Survival was measured with the Kaplan-Meier method. P-value <0.05 

was considered significant in all analysis. Survival analysis was performed under intention 

to treat conditions, which means that patients with incomplete resections were included. 

All statistical analyses were conducted using SPSS software (version 20, SPSS Inc., Chicago, 

Illinois, USA).
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Results

Clinicopathological characteristics are presented in table 1. Nine-hundred and sixty patients 

were included in the study. Six-hundred and sixty patients were affected by PC of colorectal 

cancer (69%) and the remaining suffered from PMP (31%). Median age at the time of 

the CRS and HIPEC procedure was 58 years for both CRC (range 21-79 years) and PMP 

(range 28-81 years) (p=0.271). Three-hundred and eighty six patients (40%) were male. 

The Netherlands Cancer Institute included 554 patients until 2012, St. Antonius Hospital 

Nieuwegein 151 patients, University Medical Centre Groningen 72 patients, Catharina 

Hospital Eindhoven 151 patients, Radboud University Nijmegen Medical Center 13 patients 

and VU medical centre 19 patients. The total number of CRS and HIPEC procedures per year 

increased from 21 in 1995 to 136 procedures in 2011. The cumulative number of patients 

included in this study over time is shown in figure 1.

Figure 1 Cumulative number of patients who underwent HIPEC in the Netherlands over the years.

The primary tumor of the colorectal cancer patients was located in the appendix (9%), 

right colon (29%), transverse colon (5%), left colon (8%) and rectosigmoid (47%). Most 

of the patients had intestinal type adenocarcinoma (84%), a lower number of patients had 

mucinous adenocarcinoma (12%) or signet ring cell carcinoma (4%). Tumor differentiation 

was mentioned in the pathology report in 56% of the cases. Six per cent of tumors were well 

differentiated, 37% were moderately differentiated and 13% were poorly differentiated. 

Lymph nodes were involved at the time of the primary resection in 55% of the patients. 

Synchronous peritoneal metastases were found in 45% of the patients. 
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    CRC   PMP  p-value 

 Characteristic   No. of  patients  No. of patients
    n=660   n=300

Age 
Median (range)   58 (21-79)   58 (28-81)  0.271b

Gender
 male  297  45 % 89  30 %
 female  363  55 % 210  70 % <0.001c

Hospital
 1  334  51 % 220  73 %
 2  121  18 % 30  10 %
 3  48  7 % 24  8 %
 4  128  19 % 23  8 %
 5  12  2 % 1  0.3 %
 6  17  3 % 2  0.7 %
Year of surgery
 1995-1999  61  12 / year 44  9 / year
 2000-2004  89  18 / year 69  14 / year
 2005-2009  274  55 / year 116  23 / year
 2010  101  101 / year 27  27 / year
 2011  102  102 / year 34  34 /year
 2012a  33   10 
Primary localisation
 Appendix  62  9 % 257  86 %
 Right colon  193  29 % 
 Transverse colon  30  5 % 
 Left colon  51  8 % 
 Rectosigmoid  308  47 % 
 unknown  16  2 % 43  14 %
Histology
 Intestinal type   556  84 %
 Signet cell ring   24  4 %
 Mucinous  70  11 %
 Low grade     140  47 %  
 High grade         49    16 %
 Unknown         111    37 %
Tumor differentiation  
 Well  36  6 %
 Moderately  203  37 %
 Poor  70  13 %
 Unknown  247  44 % 
Lymph node involvement
 Positive  365  55 %
 Negative  192  29 %
 unknown  103  16 %
Synchronous PC
 Yes  299  45 %
 No  269  41 %
 unknown  92  14 %
Abdominal region involvement
 Median (range)   3 (1-7)   5 (1-7)  <0.001b

Table 1 Clinicopathological characteristics. CRC = colorectal carcinoma PMP = pseudomyxoma peritonei. 1= Netherlands 

Cancer Institute – Antoni van Leeuwenhoek, Amsterdam 2= Antonius Hospital Nieuwegein, 3= University Medical Centre 

Groningen, 4= Catharina Hospital Eindhoven, 5= Radboud University Nijmegen Medical Center, 6= VU medical centre, 

Amsterdam. a Patients were included to 2012 where the data were available. b Mann-Whitney U-test. c Chi-square test
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Patients with PMP had a primary neoplasm in the appendix in 86% of the cases. The other 

14% were found in the coecal region, elsewhere in the colon or in the ovaries. In little cases 

no primary lesion was found. Not all pathology reports (37%) mentioned sub classification 

of PMP. Forty-seven per cent of the patients had low grade PMP and 16% had high grade 

PMP. Median abdominal regions affected was 3 (range 1-7) regions for the CRC patients and 

5 (range 1-7) regions for the PMP patients (p<0.001). 

Surgical outcome and morbidity are presented in table 2. In 767 patients (80%) an R1 

cytoreduction was achieved. Major complications, grade III-V, occurred in 331 (34%) 

procedures. Thirty-two patients died from a complicated procedure; consequently the 

mortality rate was 3%. The most common cause of mortality was anastomotic leakage. 

Median hospital stay was 16 days (95% confidence interval (CI) 13-22 days).
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Outcome No. of  patients
  n=960 %

Cytoreduction  
 R1 767 80
 R2a/b 187 19
 unknown 6 1

Major complication
 Yes 331 34
 No 581 61
 unknown 48 5

Mortality
 Yes 32 3

 Anastomotic leakage 11
 Bowel perforation 5
 Respiratory insufficiency 4
 Fatal haemorrhage 3
 Fistula 2

 Bile leakage 1
 Cardiac arrest 1
 Infection 1
 Pulmonary embolism 1
 Necrotic bowel 1
 Pancreatitis 1
 Cerebral vascular accident 1

 No 928 97

Hospital stay
Days, median (range)                                                        16 (0-166)

Table 2 Surgical outcome.  R1 = no macroscopic residual disease. R2a/b macroscopic residual disease.
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Survival was analysed separately for peritoneal metastasis of colorectal carcinoma and PMP 

(Table 3). Four-hundred and one patients were deceased (42%) at the time of analysis. Median 

follow-up time was 41 months (95% CI 36-46 months). Median progression-free survival 

(PFS) for colorectal carcinoma patients was 15 months (95% CI 13-17 months) (Fig. 2a). For 

PMP patients, median progression-free survival was 53 months (95% CI 40-60 months) (Fig. 

2b). Median overall survival (OS) for colorectal carcinoma patients was 33 months (95% CI 

28-38 months). The 3-year survival rate was 46%, and the 5-year survival rate was 31% (Fig. 

2a). For PMP patients the median OS was 130 months (95% CI 98-162 months). The 3-year 

survival rate for PMP patients was 77% and the 5-year survival rate was 65% (Fig. 2b). 

Table 3 Survival. PFS= progression free survival in months. OS= overall survival in months. 95% CI = 95% 

confidence interval.
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  PC of CRC PMP
  n=660 n=300

PFS
Median (95% CI) 15 (13-17) 53 (40-66)

OS
Median (95% CI) 33 (28-38) 130 (98-162)
3-year 46 % 77 %
5-year 31 % 65 %

Figure. 2a Survival of patients with PC of colorectal 

cancer (n=660) in Kaplan-Meier survival curve. OS = 

overall survival, PFS = progression-free survival.

Figure. 2b Survival of patients with PMP (n=300) in 

Kaplan-Meier survival curve. OS = overall survival, 

PFS=progression-free survival
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Discussion

Since the first publication of Sugarbaker on CRS-HIPEC as a possible curative treatment for 

peritoneal surface malignancies, many institutions started to perform this procedure.10 All 

centres in the Netherlands agreed on monitoring safety of the CRS and HIPEC and adopted 

the uniform Dutch HIPEC protocol. The combined results of all centres showed a median 

survival of 33 months (95% CI 28-38 months) for PC of colorectal cancer and 130 months 

(95% CI 98-162 months) for patients with PMP. 

Compared to the results of the randomized trial from Verwaal et al., the proportion of 

complete cytoreductions has increased from 37% to 80%. Major complication and mortality 

rates were 34% and 3% in this study, which is comparable to the literature, but lower than 

in the randomized trial.14, 1 Even though patient selection has become more cautious over 

the years, these results still suggest that broader implementation of the treatment at least 

did not have a negative consequence for the surgical outcome. 

Survival rates for both PC from colorectal carcinoma and PMP were comparable to literature. 

A number of CRS-HIPEC studies have been published with survival numbers for the different 

peritoneal surface malignancies. Most of these studies are limited in numbers. The study 

with the largest number that has recently been published is the French multi-institutional 

study of Glehen et al.14 In this study, 1290 patients were included. Median follow up was 

45.3 months. Median overall survival was 30 months for colorectal cancer and for PMP was 

not yet reached. Three- and five-year survival was 41% and 26% respectively for colorectal 

carcinoma and 85% and 73% for PMP. Twenty-five institutions participated in the study 

with different levels of expertise and with different treatment regimens. In 86% of the cases, 

HIPEC was performed either with mitomycine C or oxaliplatin. EPIC instead of HIPEC was 

performed in 14% of the cases. The results of the present study are roughly comparable 

to the results of the French study. In both studies a leading HIPEC centre might have had a 

strong influence on the outcome. However, there is a major difference in the wider use of 

the CRS and HIPEC treatment. In the French study the treatment protocols differ between 

the hospitals, so the results reflect the mean outcome of different CRS-HIPEC regimens, 

while in the Netherlands there is a unique situation; the use of a national uniform treatment 

protocol. 
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Since HIPEC is only performed in specialised centres, there might be a certain patient 

selection. Some oncologists claim that patients that choose to undergo a HIPEC are generally 

younger, healthier, wealthier and more sensitive to chemotherapy. These patients might have 

limited disease compared to patients that undergo chemotherapy.22 However, there is no 

evidence on this subject to confirm this clinical opinion. In this study, patients were treated 

in one of the 6 hospitals that perform CRS-HIPEC in the Netherlands. The centres that 

participated are different centres; academic, non-academic, large periphery hospitals and a 

specialized cancer centre. So, not only patients that are referred to tertiary referral hospitals 

are included in this study, but also patients that present with peritoneal malignancies in 

other hospitals. Inevitably, there is a certain patient selection for CRS-HIPEC. The treatment 

includes abdominal surgery which comes with a certain risk. Patients in a non-optimal 

physical and mental condition with a large extent of disease do not benefit of the treatment. 

Still, many patients, older and younger, are in a good enough condition to undergo the 

treatment. Whether patients in HIPEC studies are more sensitive to chemotherapy remains 

to be discussed. It has been studied that administration of (neo)adjuvant chemotherapy 

is regularly a prognostic factor for survival after CRS-HIPEC, though the best timing and 

regimen are still unknown. [14] [23] [24] The purpose for this study was to investigate 

whether the widespread availability of the CRS-HIPEC procedure to more hospitals would 

endanger the outcome, but this we could not confirm. Mentioned should be that patients 

in a poor health status and having bowel obstructions are not likely to be eligible for CRS-

HIPEC, neither for systemic chemotherapy.

Furthermore, critics state that modern day chemotherapy has better results on metastatic 

colorectal cancer than the 5-fluorouracil based chemotherapy referred to in most available 

publications.22 Yet, no studies have been published that compared newest chemotherapy 

regimens with CRS-HIPEC. Peritoneal metastases are not always analysed separately in large 

metastatic colorectal cancer chemotherapy trials, because of the difficulty in monitoring the 

peritoneal lesions. CT-scans and PET-scans do not pick up small peritoneal lesions easily, so 

response measurement is problematic. Analysis of large combination chemotherapy trials 

revealed that peritoneal carcinomatosis among patients with metastatic colorectal cancer is 

associated with a 30% reduction in overall survival (12.7 months versus 17.6 months). These 

numbers are not fully comparable to CRS-HIPEC studies, as the patients in this study regularly 

have more metastatic sites, such as liver or lung metastases.8 In recent years, chemotherapy 

 Cytoreduction and HIPEC in the Netherlands: nationwide long-term outcome following the Dutch protocol  |  43

2

Proefschrift Anke.indd   43 04-08-15   16:26



development has progressed. There are indications that targeted therapies can be useful to 

treat peritoneal metastasis from colorectal cancer.9 In the CAIRO2 study median survival for 

conventional therapy, capecitabine with oxaliplatin and bevacizumab, was 15.2 months and 

13.9 months for patients for which cetuximab was added to the regimen. In future studies, 

it would be interesting to investigate the benefit of targeted therapies for patients with 

peritoneal metastases, alone or in combination with CRS-HIPEC. Recently, the COMBATAC 

trial has started to investigate the benefit of adding targeted therapy to the CRS-HIPEC 

treatment. [25]

This study is limited by the multicentre design. Moreover, a disproportionate amount of 

patients was treated in The Netherlands Cancer Institute (51% of colorectal cancer patients 

and 73% of PMP patients), because of their longer experience with the CRS-HIPEC 

procedure (table 1). The experience of the hospitals on CRS-HIPEC differed, but they all used 

the Dutch HIPEC protocol. Surgical outcome appeared to be similar between the hospitals. 

(unpublished data) 

This study shows that, following the randomized trial, the Dutch protocol is a safe approach 

for widespread use of the CRS-HIPEC treatment with tolerable morbidity and convincing 

survival. It is important that more research is performed to find better chemotherapy 

combined with CRS-HIPEC for patients with peritoneal disease of colorectal origin. Until 

then, CRS-HIPEC gives the best chance of survival.
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Abstract 

Background

Experience with CytoReductive Surgery (CRS) and Hyperthermic IntraPEritoneal 

Chemotherapy (HIPEC) in a pioneer hospital resulted in a treatment protocol that has 

become the standard in the Netherlands. Outcome of CRS and HIPEC was reviewed to 

assure differences between the pioneer phase and the period wherein the Dutch HIPEC 

protocol was clinically implemented.

Methods

The first consecutive 100 CRS and HIPEC procedures performed in the Netherlands were 

included as pioneer cohort (1995-1999). Two-hundred seventy two procedures that were 

performed in three participating HIPEC centres after the implementation of the Dutch HIPEC 

protocol were included as the implementation cohort (2005-2012). Another 100 recent 

patients of the first centre were included as a control group (2009-2011). Indications for the 

CRS and HIPEC treatment were peritoneal carcinomatosis (PC) from colorectal carcinoma 

and pseudomyxoma peritonei (PMP). 

Results

Of the 472 included procedures, 327 procedures were performed for PC (69%) from 

colorectal carcinoma and 145 for PMP (31%). Compared with the implementation phase, 

the pioneer phase was characterized by more affected abdominal regions (mean 4.3 vs. 

3.5, p<0.001), more resections (mean 3.8 vs. 3.4, p<0.001), less macroscopic radical 

cytoreductions (66% vs. 86%, p<0.001) and more patients with major morbidity (grade 

III-V) (64% vs. 32%, p<0.001). Other determinants of morbidity were high tumor load and 

multiple organ resections. Outcome of the implementation phase was similar to the control 

group.        

Conclusions

This study determined that outcome had improved ever since the Dutch HIPEC protocol has 

been implemented based on completeness of cytoreduction and decreasing morbidity. 
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Introduction 

Until two decades ago, the treatment of choice for peritoneal malignancies was palliative 

chemotherapy. Surgery was only considered for tumor-related complications, such as gastro-

intestinal obstruction or bleeding. However, CytoReductive Surgery (CRS) and Hyperthermic 

IntrapPEritoneal Chemotherapy (HIPEC) have become the preferred treatment of peritoneal 

surface malignancies. In this multimodal approach, the aim is to perform radical tumor 

resection with curative intent, followed by hyperthermic intraperitoneal chemotherapy. 

It has been shown that this combined treatment promotes disease-free as well as overall 

survival when complete CRS is achieved.1 In peritoneal carcinomatosis of colorectal origin, 

5-year-survival rates between 19% and 51% are reported. 12345 

The Netherlands Cancer Institute introduced CRS and HIPEC in 1995. The treatment protocol 

was determined in a phase II study and tested in a phase III study.5 After completion, the 

protocol was refined and implemented in the Netherlands. In 2005 the protocol started in a 

second hospital and another two hospitals followed in subsequent years.

The combination treatment of CRS and HIPEC is a complex procedure that requires a high 

level of expertise of the institute and technical skills of the surgeons. The procedure comes 

with substantial morbidity and mortality risks, comparable to other major gastro-intestinal 

procedures.6 The implementation of a standardized protocol could result in safe procedures 

and reduced complication rates. Of other high-risk environments, such as aviation, is known 

that safety is in danger when humans deviate from the standardized procedure.7

Since a number of hospitals in the Netherlands started performing CRS and HIPEC under 

the Dutch HIPEC protocol it is important to assess the outcome of this procedure. The 

quality of the HIPEC treatment should be constant and comparable between the different 

institutions, so that patients can receive high-quality treatment anywhere in the Netherlands. 

We assessed the change in outcome since the treatment protocol has been implemented. 

Outcome was primarily measured by the morbidity rate. Furthermore, the number of 

complete cytoreductive procedures is measured as an indicator for survival. Comparisons 

were made between outcome of the first cases of the pioneer phase and the first cases of 

the hospitals that started when the protocol was implemented. The outcome of the latter 

cohort, further referred to as the implementation phase, was also compared to a recent 

cohort from the pioneer hospital that represents the control group.
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Patients and methods 

Patient selection

The first consecutive 100 CRS and HIPEC procedures (1995-1999) and a cohort of 100 

consecutive recent procedures (2009-2011) of the Netherlands Cancer Institute were 

included. The first group represents the pioneer phase of CRS and HIPEC in the Netherlands, 

the latter group is a control group of the nowadays experienced institute. The implementation 

phase of the Netherlands HIPEC protocol (2005-2012) was represented by the three other 

participating hospitals (St. Antonius Hospital Nieuwegein, Catharina Hospital Eindhoven 

and University Medical Centre Groningen). The first 100 consecutive eligible patients were 

included in each of these hospitals. Eligible patients suffered from peritoneal malignancies 

originating from colorectal cancer or pseudomyxoma peritonei (PMP), were fit for major 

surgery and had no extra-abdominal metastasis. Exclusion criteria were presence of liver 

metastases in the pioneer phase, but not in the implementation phase since resectable 

liver metastases are not a definite contra-indication for CRS and HIPEC.8 Furthermore, 

open-close procedures and procedures performed for other pathologies such as peritoneal 

mesothelioma were excluded. Open-close procedures were prematurely terminated 

procedures of patients that suffered from PC from CRC with tumor depositions in more 

than 5 of the 7 abdominal regions and did not receive HIPEC treatment, according to the 

treatment protocol. Preoperative screening through radiography (CT) or laparoscopy was 

performed to estimate the extent of disease. The number of 100 patients per institution 

was determined as cut off point since most of the institutions had reached this number of 

procedures. To assure similar experience with the procedure the same number of procedures 

were included in every institution. The reference 100 patients were identified in a prospective 

database of the pioneer centre as the most recent consecutive case series and had to meet 

the same inclusion criteria. 

Treatment

All the institutions performed the cytoreductive surgery and HIPEC procedure under the 

Dutch HIPEC protocol. Extensive debulking with peritonectomy and, if necessary, multiorgan 

resections were performed, as described by Sugarbaker et al. and all the subsequent 

recommendations.9, 10 Since the start up period of the treatment, at least two experienced 

gastro-intestinal surgeons were trained to become specialized CRS and HIPEC surgeons in all 

institutions. Every procedure was performed by at least two surgeons of whom at least one 

surgeon was a trained CRS and HIPEC surgeon. 
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The aim of the cytoreduction was to obtain a macroscopically complete CRS (R1) resection, 

which means that no macroscopically visible residual tumor was left at the end of the 

surgical resection. After the surgical debulking procedure, the open perfusion protocol of 

the abdominal cavity with mitomycin C was carried out.11 The inflow temperature of the 

perfusate was 41ºC - 42 ºC. As soon as this temperature was reached, mitomycin C was 

added, 35 mg/m2 body surface, in three fractions (one half, one fourth, and one fourth of 

the total dose) with a 30-minute interval. Mitomycin C was used under the same schedule 

for all first HIPEC procedures. If a patient had undergone a HIPEC before, procedures 

were done with intraperitoneal oxaliplatin (460 mg/m2), systemic folinic acid (20 mg/m2) 

and 5-fluorouracil (5-FU; 400 mg/m2). When new institutions started performing CRS and 

HIPEC, a surgeon of the experienced pioneer hospital monitored the procedure for protocol 

adherence.

Data collection and analysis

Patient characteristics, such as age, gender, primary tumor characteristics, extent of 

peritoneal disease and resected organs, were available from hospital databases, procedure 

reports and pathology reports. Primary tumor characteristics include localization and tumor 

stage. Tumor load was measured by counting the affected abdominal regions (0-7).12 (Partial) 

resection was scored for each of 12 organs: ovaries, uterus, omentum, rectum, sigmoid, 

colon, ileocoecal region, ileum, jejunum, gallbladder, stomach and spleen. Patients were 

evaluated by comparing institutional differences.

Primary endpoints were morbidity and completeness of cytoreduction. Morbidity was 

graded by the National Cancer Institute’s Common Terminology Criteria for Adverse Events 

(CTCAE) version 4.0.13 For every procedure, the complication with the highest grade was 

listed. Completeness of CRS was determined according to the maximum thickness of tumor 

nodules left behind at any place in the abdomen. No residual macroscopic tumor was graded 

as an R1 resection, residual macroscopic tumor < 2.5 mm was recorded as an R2a resection 

and if more disease was left behind, this was graded as an R2b resection.1 Only when an 

R1 or R2a cytoreduction was reached, the HIPEC was performed. In secondary analyses, 

operating time, intra-operative blood loss and hospital stay were compared between pioneer 

and implementation phase. Hospital stay was defined as time in days from date of surgery 

to discharge. 
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Statistical analysis

The efficacy of the standardized treatment protocol is evaluated by comparing the pioneer 

phase and the implementation phase. To examine whether the protocol is a safe guidance 

to set up a new HIPEC center, the implementation cohort is compared to a control group of 

the experienced center. Differences between groups were evaluated by chi-square tests for 

nominal variables and by Kruskal-Wallis tests for ordinal and continuous variables. Pioneer 

and control cohort were separately compared with the implementation cohort with regard to 

patient and surgical characteristics based on linear or logistic regression models (depending 

on the scale of the characteristic) adjusted for indication for CRS and HIPEC, number of 

abdominal regions affected, number of resections performed and R1 cytoreduction, in order 

to correct for patient selection. If necessary, continuous characteristics were log-transformed 

before linear regression. Determinants of grade III-V morbidity, the main outcome of interest, 

were evaluated by binary logistic regression, first univariately and then multivariately including 

all univariately significant determinants, including patients of all three cohorts.  All statistical 

analyses were conducted using SPSS software (version 20, SPSS Inc., Chicago, Illinois, USA).
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Results

From December 1995 to October 1999, a total of 100 procedures of the pioneer phase of 

the Netherlands Cancer Institute were included. Another 100 consecutive procedures that 

were performed in the Netherlands Cancer Institute between November 2009 and January 

2012 were included as a control group. The first 100 cases from the three participating 

institutions were included from 2005 until 2012, representing the implementation phase. 

One of the institutions had performed only 72 HIPEC procedures that could be included in 

this study. 

Patient characteristics are presented in table I. In total 472 cases were included of which 

207 (44%) were male and 265 (56%) were female. The median age was 58 years, although 

age was not evenly distributed between the institutions (range of median per centre 54-61 

years, p=0.022). The American Society of Anesthesiology (ASA) score differed between the 

groups (p<0.001). In total, 327 procedures were performed for peritoneal carcinomatosis 

(PC) from colorectal carcinoma (CRC) and 145 for PMP. In the pioneer phase, 40% of the 

patients presented with PMP, which was more than in the implementation phase (range 

19-40, p=0.001), in the control cohort of the pioneer institution the same percentage of 

procedures was undertaken for PMP as during the pioneer phase. There was no difference 

between the pioneer phase, the institutions of the implementations phase and the control 

cohort according to primary tumor site, TNM classification and tumor stage. The interval 

between the resection of the primary tumor and the HIPEC procedure was 12 months 

(median) in the pioneer phase (range 0-158 months), which was 2-6.5 months (median) in 

the implementation phase (range 0-199 months, p<0.001). Patients with a listed interval of 

0 months had the primary tumor resected during the CRS and HIPEC. The tumor load was 

more extensive in the pioneer phase than in the implementation phase based on the number 

of abdominal regions that were affected at the time of the surgery (mean 4.3 vs. 3.0-3.9, 

p<0.001). In addition, the number of resected organs differed between the hospitals of the 

different phases (range 2.8-3.9, p<0.001). The affected abdominal regions and amount 

of resections are described separately for PC from CRC and PMP, as patients with higher 

involvement of abdominal regions are excluded when patients have PC from CRC. However, 

patients that suffer from (low grade) PMP with more than 5 abdominal regions affected are 

sometimes still eligible for HIPEC, because of the better prognosis of the disease. Further 

description of the specific organ resections is presented in table II.
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Table 1 Numbers in parentheses are percentages, unless otherwise specified. a Pearson X2 test, b independent 

samples  Kruskal-Wallis test, x in-hospital deaths were excluded.

   Pioneer Institution 1 Institution 2 Institution 3 Pioneer  2nd p
   n=100  (Antonius) (UMCG) (Catharina) cohort n=100
    n=100 n=72 n=100    
Male   54 48 28 (39) 42 35 
Female   46 52 44 (61) 58 65 
         0.063a

Age  median,  54 (24-76) 59 (30-76) 58 (34-75) 61 (21-77) 58 (24-81) 0.022b

 range  
ASA 1 25 1 7 (10) 23 39 
 2 24 21 50 (69) 64 25 
 3 11 2 5 (7) 7 4 
 4 2 0 1 (1) 0 0 
 missing 38 76 9 6 32 <0.001b

HIPEC  PC from  CRC 60 81 48 (67) 78 60 
indication
 PMP 40 19 24 (33) 22 40 0.001a

Localisation Appendix 35 29 27 (38) 20 35 
  Colon 30 32 22 (31) 30 28 
  Recto-sigmoid 28 38 21 (29) 41 31 
  unknown 7 1 2 (3) 9 6 0.126
TNM (CRC)  T1 0 2 0 1 1 
 T2 1 2 1 4 1 
  T3 26 31 21 27 27 
  T4 30 32 23 36 35 
  missing 3 14 3 10 6 0.897b

Stage (CRC) I-II 16 14 4 10 11 
  III 15 20 15 27 20 
 IV 28 38 26 33 32 0.450a

Resection of   17 13 - 18 14 0.731a
primary
tumor at the
time of HIPEC
Time between median,  12 (0-158) 3 (0-108) - 2 (0-55) 6.5 (0-199) <0.001b

resection range
primary
tumor and
HIPEC (months) 
Resections mean 3.8 3.1 3.9 2.8 3.3 <0.001b

 PC from CRC 3.4 3.1 4.1 3.3 3.3 0.030b

 PMP 4.3 3.7 4.5 2.1 3.3 <0.001b

Regions  mean 4.3 3.0 3.9 3.7 3.1 <0.001b

affected (0-7)  PC from CRC 4.1 2.8 3.7 3.3 2.7 <0.001b

  PMP 4.7 4.1 4.3 5.2 3.7 0.052b

  

Table I Patient characteristics
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Table II Organ resections

Table II aAccording to the treatment protocol, the omentum is always resected. When the omentum was not 

resected during the CRS and HIPEC procedure, the omentum had already been removed in an earlier 

procedure. Rest- omentectomies are also reported. 

For further analysis, the three institutions of the implementation phase were grouped. After 

adjustment for indication for CRS and HIPEC, number of abdominal regions affected, number 

of resections performed and R1 cytoreduction, significant differences were observed between 

pioneer phase and implementation phase for operating time (mean, 583 vs. 461 minutes, 

respectively, p<0.001), intra-operative blood loss (median, 5450 vs. 1000 ml, p<0.001), R1 

resections (66% vs. 86%, p=0.002), re-operations (28% vs. 12%, p=0.001), mortality (13% 

vs. 2%, p=0.001), hospital stay (median, 24 vs. 13 days, p<0.001), and CTCAE grade III-V 

morbidity (64% vs. 32%, p<0.001). See Table III. Grade III-IV intra-abdominal complications 

occurred in 19% of the patients in the implementation phase and in 35% of the pioneer 

phase (p=0.004). Intra-abdominal complications represent 59% in the implementation 

phase and 55% of the total grade III-IV complications in the pioneer phase (p=0.884). The 

most common intra-abdominal complications reported were anastomotic leakage, abscess 

formation, bleeding, fistulae and prolonged ileus. Other complications included mainly 

pulmonary complications or infections. Overall, surgical outcome was comparable between 

the implementation phase and the control group, except that the implementation phase 

revealed a shorter mean operating time (394 vs. 461 minutes, p<0.001) and a higher median 

blood loss (1410 vs. 1000 ml, p=0.028). 

  Pioneer Implementation Control
  n=100 n=272  n=100

 Ovaries 10 84 (31) 27
 Uterus 17 49 (18) 20
 Omentuma 98 253 (93) 79
 Rectum 44 95 (35) 43
 Sigmoid 19 55 (20) 32
 Ileocoecal 48 103 (38) 36
 Colon 27 80 (29) 26
 Ileum, jejunum 51 99 (36) 39
 Gallbladder 15 45 (17) 7
 Stomach 21 11 (4) 2
 Spleen 27 47 (17) 15
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Table III Surgical outcome: multivariate pair-wise comparisons between implementation phase vs. 

pioneer phase and implementation phase vs. control.

Table III Numbers in parentheses represent percentages, unless otherwise specified. IAC: intra-abdominal 

complications.a P-value for implementation vs. pioneer from multivariate regression adjusted for indication, 

number of abdominal regions affected, number of resections performed and R1 cytoreduction.b P-value for 

implementation vs. control group from multivariate regression adjusted for indication, number of abdominal 

regions affected, number of resections performed and R1 cytoreduction
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  Implementation  Pioneer phase p-valuea Control p-valueb

  phase (n=272) (n=100)  group (n=100)

Operating time Mean,  443 (195-865) 573 (360-960) <0.001 399 (193-605) <0.001
(mins) (range)
Blood loss (ml) Mean,  1395 (500-8500) 6937 <0.001 1709 0.028
 (range)  (570-55000)  (100-8200) 
R1 resections  234 (86) 66 0.002 85 0.793
Grade III-V 
morbidity  87 (32) 64 <0.001 34 0.892
IAC  51 (19) 35 0.004 24 0.690
Re-operations  33 (12) 28 0.001 10 0.765
Mortality  6 (2) 13 0.001 3 0.450
Hospital stay Mean,  16 (4-145) 28 (13-90) <0.001 20 (7-112) 0.350 
(days)x (range)
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The odds for grade III-V morbidity was 2.8-fold increased during the pioneer phase (95%CI 

1.5 – 5.1) compared with the control phase and also increased with the number of affected 

abdominal regions (OR per affected region 1.2, 95%CI 1.1 – 1.3) as well as with the number 

of organ resections (OR per resected organ 1.2, 95%CI 1.0 – 1.3), based on a multivariate 

logistic regression analysis (Table IV).

 Table IV Logistic regression of outcome factor: morbidity grade III-V

Table IV Numbers in parentheses represent the 95% CI (confidence interval) of the OR (odds ratio).
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    Univariate   Multivariate
   OR (65% CI)  p value OR (95% CI)  p value

Gender  1.0
  1.2 (0.8 – 1.7)  0.355
female
male
Age at time of surgery (per year) 1.0 (1.0 – 1.0)  0.856
  1.4 (0.9 – 2.0)  0.094
ASA (per point)
Indication
PC from CRC  1.0   1.0
PMP  1.7 (1.1– 2.5)  0.013 1.2 (0.8 – 1.9)  0.347
Number of abdominal 1.3 (1.2 – 1.5)  <0.001 1.2 (1.0 – 1.3)  
regions affected (per region)        
       0.007
Number of resections performed 1.3 (1.2 – 1.5)  <0.001 1.2 (1.0 – 1.3)
(per resection)
       0.014
Cytoreduction    0.005   0.711
R1  1.0   1.0
R2  2.0 (1.2 – 3.2)   1.1 (0.6 – 1.9)
Institution 
    0.713 0.9 (0.5 – 1.5)
implementation  0.9 (0.6 – 1.5)  <0.001 2.8 (1.5 – 5.1)  0.619
pioneer  3.5 (1.9 – 6.2)   1.0  0.001
control  1.0

Proefschrift Anke.indd   60 04-08-15   16:26



Discussion

The outcome of this study suggests that the implementation of the Dutch HIPEC protocol has 

lead to better surgical outcome and less morbidity. These results are the multi-institutional 

results of the major HIPEC centres in The Netherlands. All these hospitals have performed 

the procedures under the exact same protocol and with supervision of the most experienced 

institution. Still, there is a difference between the hospitals when it comes to patient 

selection. Some centres seem to be more selective than others regarding amount of regions 

affected and also whether there are liver metastases or not. This has lead to differences 

in extent of resections, operating time and also morbidity (Tables I-III). Also the variety of 

pathology throughout the institutions is not similar. It is notable that the pioneer institution 

did and still does more HIPEC procedures for PMP than the other institutions. Since PMP 

is a rare disease, one new case per one million inhabitants a year, patients get referred to 

institutions with the longest track record for the treatment of these patients.14 PMP has 

often a different presentation than PC of colorectal carcinoma. The mucinous depositions 

are in many abdominal regions, which means that more extensive peritonectomy must be 

performed in PMP patients. This results in a higher probability of major morbidity (Table 4). 

However, the 10-year survival rate of patients with PMP who underwetnt the CRS and HIPEC 

procedure is 63%, which is much higher than the survival rate of patients with PC from CRC 

of whom the 5-year survival rate is only 26%.15, 4 Progression free survival is also longer for 

PMP patients, especially for the low grade variants.16, 17, 18 

Obviously, this treatment modality has changed a lot since the pioneer phase, the most 

forthcoming is patient selection. Initially, only patients with extended disease were included 

in the CRS and HIPEC trial, since this experimental treatment was the last option for many 

patients. In the pioneer phase the mean number of affected abdominal regions was higher 

(mean 4.3 vs. 3.4, p=<0.001). Now the benefits of the procedure are known, patients are 

referred earlier in the course of the disease. It has been shown that patients with extended 

disease will benefit less from the procedure. Thus nowadays, the procedure is only offered 

to patients with disease limited to 5 abdominal regions. Patients were younger of age in the 

pioneer phase, presumably because they were physically in a better condition to undergo 

an experimental treatment. Also, patients who were included in the randomized trial had to 

meet strict inclusion criteria. 
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As soon as the CRS and HIPEC procedure was implemented and shown beneficial to a lot 

of patients with PMP and colorectal peritoneal carcinomatosis, more indications for this 

procedure were added. In recent years, not only patients with proven peritoneal metastasis, 

but also patients with T4 tumors, tumor related bowel perforation and positive resection 

margins are now often offered a HIPEC procedure. The latter patients regularly do not have 

gross macroscopic peritoneal disease, but can undergo the procedure as prevention.19 

Since the pioneer phase, surgical parameters, like blood loss, duration of surgery, relaparotomy 

rate etc. improved significantly, but also the amount of complete cytoreductions has 

increased from 66% to 86%. Survival was not analyzed in this study, nevertheless a high 

rate of complete cytoreductions is indicative for good survival.10 

In this study, open-close procedures were excluded from analysis. The number of open-close 

procedures will have had an affect on the R2 resection rate. In the pioneer phase it was 

not known yet how useful it was to do an R2 resection. So probably more often CRS was 

attempted, even though it was obvious that it could not become a complete cytoreduction. 

The fact that patients with extensive disease have more chance of getting complications of 

the surgery as well have a bigger chance to have an incomplete CRS has influenced patient 

selection.20 Since the implementation phase, patients with disease in every region of the 

abdomen are generally not eligible for the procedure. For patients with low grade PMP 

sometimes an exception is made, because of their better prognosis in general.

The amount of CTCAE grade III-V perioperative complications decreased since the pioneer 

phase, and is now within the range mentioned in literature.21 Abdominal complications are 

not further specified, as surgeons report complications differently. In this multicentre study 

it is difficult to define the precise anastomotic leakage rate. For example, when anastomotic 

leakage has occurred also other intra-abdominal complications can be reported; abdominal 

abscess formation, bowel perforation, fistula or abdominal infection. Therefore, only the 

CTCAE grade and the amount of re-operations are shown in this paper. Hospitals can have 

different protocols how to manage morbidity. Some hospitals will be more conservative 

than others. This can have influenced the grading of the morbidity and the number of 

re-operations.21 The number of intra-abdominal complications has decreased, but the 

proportion has stayed constant over time. This indicates that overall morbidity has decreased 

not only for better perioperative management or only for surgical skills. Surgical skills are 

particularly reflected by intra-abdominal complications, while other complications such as 
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pulmonary, cardiologic or hematologic complications are due to perioperative care and 

treatment schedule. All factors including surgical skills, perioperative care, the treatment 

protocol and patient selection contributed to the decrease of morbidity. 

In multivariate analysis, treatment in the implementation phase, tumor load and multiple 

different organ resections were associated with high chance of morbidity. It is known 

that guidelines and protocols make high-risk operations safer. In the past, CRS and HIPEC 

researchers published agreements about the procedure and guidelines for other, less 

experienced, centres.10, 22, 23 This study gives an indication of the efficacy of the implementation 

of the Netherlands standardized treatment protocol that was established in the Netherlands 

Cancer Institute. High tumor load has been identified as a risk factor for morbidity by many 

studies and also in this study.21 The rationale seems clear; the more tumor deposits, the 

more resections and peritonectomies are needed to perform a complete cytoreduction. The 

complexity of the procedure is therefore highly dependent on the tumor load. The number 

of different organ resections is another indicator for the complexity of the procedure and is 

apart from the tumor load a prognostic factor of major morbidity in this population.

In this study we did not particularly look at the toxic effect of the cytostatic drug on itself. It 

has been shown that the cytoreductive surgery is of more influence on the morbidity than 

the delivery of the intraperitoneal chemotherapy.24 Furthermore, all the institutions used 

mitomycin C in the same concentration with the same perfusion protocol. Except for a 

number of cases where patients had a second or third HIPEC, oxaliplatin was used combined 

with systemic folinic acid and 5-FU. The toxicity related morbidity of oxaliplatin is in the same 

range of mitomycin C and can be used safely.25, 26 The amount of second and third HIPECs 

was low and for completeness of CRS and morbidity appeared not relevant. 

Comparison of the treatment outcome of the pioneer phase of the Netherlands Cancer 

Institute to the recent case series shows a definite improvement, not only in surgical outcome 

and morbidity, but also in patient selection. For the institutions of the implementation phase, 

the learning curve was not assessed. One can imagine that in the first hundred procedures 

a learning curve for certain aspects of the outcome of the treatment could be identified. 

However, in this study we only show the overall outcome of the implementation phase. In 

all probability, knowledge and experience gained by the first institution helped the new 

institutions of the implementation phase to start the learning curve at a higher level. 
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In conclusion we report a major decrease in morbidity ever since the Dutch HIPEC protocol 

for CRS and HIPEC has been implemented. Besides the morbidity rate, the amount of 

incomplete cytoreductions has decreased. The new HIPEC centres managed to have similar 

outcome as the control group from the experienced centre, indicating that the Dutch 

protocol is a safe guidance for setting up a new HIPEC centre. 
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Abstract

Background 

CytoReductive Surgery and Hyperthermic IntraPEritoneal Chemotherapy (CRS-HIPEC) has 

become the preferred treatment of many peritoneal surface malignancies. In this retrospective 

study we aimed to analyze how several performance indicators changed during the first 100 

CRS-HIPEC procedures in hospitals which recently introduced this treatment, and compare 

those with an experienced institution.

Methods

The first consecutive 100 CRS-HIPEC procedures of three institutions were compared to 

those of the pioneer hospital. The training provided by the pioneer hospital consisted of 

hands-on training during the first ten procedures; hereafter guidance was available on 

consult basis. Operation characteristics, morbidity and completeness of cytoreduction were 

evaluated by case sequence. Locally-estimated-scatter-plot smoothing was used to evaluate 

the learning curve figures.

Results

From four institutions 372 cases were included. A macroscopic complete cytoreduction was 

reached in 66% of the cases in the pioneer hospital and in 86% in the new hospitals 

(p<0.001). Complete cytoreduction rates were higher at start off in the new institutions 

compared with the experienced institution and increased significantly in the first 100 

procedures. The new hospitals started with lower morbidity than the experienced hospital, 

which not significantly decreased within the study period. 

Conclusion

New institutions that were trained and mentored by an experienced CRS-HIPEC hospital 

started on a higher outcome level concerning complete cytoreduction and morbidity rate 

with CRS and HIPEC than the experienced center. An improvement in complete cytoreduction 

rate in the first 100 procedures was observed in the new institutions. 
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Introduction

Peritoneal metastasis is a common sign of stage IV tumors or recurrence of colorectal 

cancer; around 13% of colorectal cancer patients develop this stage of disease.1 The intra-

abdominal tumor dissemination results in avascular tumor nodules that often cannot be 

efficiently reached by systemic chemotherapy. The Dutch guidelines state that CytoReductive 

Surgery and Hyperthermic IntraPEritoneal Chemotherapy (CRS-HIPEC) should be considered 

for intra-abdominal metastases when tumor load is limited and can be completely removed.2 

These guidelines are based on several studies showing that multimodal CRS-HIPEC treatment 

is associated with better survival than systemic chemotherapy alone; after complete 

cytoreduction a 5-year survival rate of 11-38% has been reported.3, 5 

However, the survival benefit associated with the CRS-HIPEC is accomplished at the expense 

of a certain amount of morbidity. Morbidity and mortality rates of the CRS-HIPEC treatment 

were 20-50% and 1-10%, respectively, in early reports of this treatment.5, 8 It was shown 

that morbidity improved with experience, i.e., there was a learning curve.9, 10 Learning curves 

were also evident in the rate of complete cytoreductions and the length of hospital stay.11, 12 

CRS-HIPEC has been performed since 1995 at the Netherlands Cancer Institute-Antoni van 

Leeuwenhoek (NKI-AVL). In the last 8 years, another five hospitals have started to perform 

this procedure in the Netherlands, of which the first three started were included in this study. 

A nationwide standardized treatment protocol was the guideline for the new institutions to 

set up the procedure, which were trained and mentored by the NKI-AVL. The quality of the 

procedures was controlled within the Dutch HIPEC group.

The aim of this study was to investigate whether training and mentoring of a pioneer 

hospital has improved the learning curve of the new CRS-HIPEC hospitals. 
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Methods

Patients and selection

The Netherlands Cancer Institute-Antoni van Leeuwenhoek (NKI-AVL) started CRS and 

HIPEC procedures in the Netherlands in 1995, followed by St. Antonius Hospital Nieuwegein 

(2005), University Medical Center Groningen (2006) and Catharina Hospital Eindhoven 

(2007). The NKI-AVL is further referred to as ‘pioneer hospital’ and the hospitals that started 

later are referred to as ‘new institutions’. The first 100 consecutive completed CRS-HIPEC 

procedures of these four centers were included. From the NKI-AVL all the procedures until 

2012 were separately included to elucidate what happened after the 100 cases included in 

the analysis of this study. 

Patients affected by peritoneal malignancies originating from colorectal cancer or 

pseudomyxoma peritonei (PMP) and fit for major surgery were eligible for CRS-HIPEC. 

According to the treatment protocol, patients suffering from peritoneal metastases (PM) 

from colorectal carcinoma (CRC) with expected tumor depositions in more than 5 abdominal 

regions were not eligible for the CRS-HIPEC procedure. Pre-operative screening through 

radiography (CT) or laparoscopy was performed to estimate the extent of disease. The 

procedures of the first hospital were selected and performed by experienced gastro-intestinal 

surgeons who were pioneers at the time. These experienced CRS-HIPEC surgeons trained and 

mentored the surgeons of the new centers, all of whom had already extensive experience in 

gastro-intestinal surgery. Before the first procedure in a new HIPEC center was performed, 

educational seminars and work groups were provided by the trainers from the pioneer 

hospital for all caretakers involved in working with CRS-HIPEC patients: anesthesiologists, 

nurses, dieticians, and physiotherapists. Education involved patient selection, logistics of 

the CRS-HIPEC treatment, the techniques and anticipation of pitfalls that can be expected 

around CRS-HIPEC treatment. New CRS-HIPEC centers have to agree that certain facilities 

will be available for CRS-HIPEC patients, during their stay in the hospital and for follow-

up. For every patient, an intensive care or medium care bed must be reserved, but also 

access to proper counseling by specialized nurses must be available. The specific training 

for the surgeons consisted of three major subjects: patient selection, operation technique 

and perioperative care. Patient selection is the most important prognosticator for outcome; 

therefore selecting patients that are fit for surgery and do not have too extensive peritoneal 

disease is key. Surgical technique was trained by a tutor who was physically present in 

the operating room of the new institutions to guide and teach the surgeons during the 

first ten CRS-HIPEC procedures, thereafter the procedures were preoperatively discussed in 
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multi-disciplinary meetings and performed by at least one trained CRS-HIPEC surgeon, as is 

stated in the most recent national oncological guidelines.13 High-quality perioperative care 

was achieved by confirmation of the availability of facilities and skills to handle complicated 

gastro-intestinal procedures. Also, a perioperative nursing protocol was implemented in 

each new center.

Treatment

All the institutions performed the CRS-HIPEC procedure under the same standardized 

protocol, which was derived from the study protocol of the previously performed RCT.3 

Extensive debulking with peritonectomy and, when needed, multi-organ resection was 

performed, as described by Sugarbaker et al. and subsequent recommendations.14, 15 The aim 

was to obtain a macroscopically complete cytoreduction (R1) resection. After the surgical 

debulking procedure, the open perfusion protocol of the abdominal cavity with mitomycin C 

was carried out.16 The inflow temperature of the perfusate was 41ºC - 42 ºC. As soon as this 

temperature was reached, mitomycin C was added in three fractions (one half, one fourth, 

and one fourth of the total dose) for 30 minutes per fraction. 

Data collection and analysis

Patient characteristics, operative details, pathology reports and clinical reports were collected. 

Data including age, gender, primary tumor characteristics and peritoneal tumor load, were 

recorded. Tumor load was measured by counting the affected abdominal regions (0-7).17, 18 

Morbidity was graded by the CTCAE v4.0.19 Completeness of cytoreduction was determined 

according to the maximum thickness of tumor nodules left behind at any place in the 

abdomen. No residual macroscopic tumor was graded as R1 resection, residual macroscopic 

tumor <2.5 mm was recorded as R2a resection and if more disease was left behind, this was 

graded as R2b resection.20 Primary endpoints were major morbidity (CTCSAE grade III-V) and 

completeness of cytoreduction (R1 resection), and secondary endpoints were operating time 

and intra-operative blood loss. For all endpoints learning curves of the three new institutions 

were compared to the pioneer hospital. 
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Statistical analysis

Patient characteristics were analyzed by descriptive statistics. Differences between groups 

were evaluated by chi-square tests for nominal variables and by Kruskal-Wallis tests for 

ordinal and continuous variables. The improvement of various outcome measures with the 

hospital-specific case sequence number was interpreted as the learning curve. For learning 

curve analysis the new hospitals were pooled. Learning curve graphs were smoothed via 

Locally-Estimated-Scatter plot Smoothing (LOESS)21, 22 This method calculates, for each case 

sequence number the average of the corresponding outcome weighted by how close a 

sequence number is to the number of interest.. The degree of smoothing was determined by 

minimizing the Akaike Information Criterion (AIC) except for models including all operations 

from the NKI-AVL, where target degrees of freedom were determined so that patterns 

visible in the learning curves for the first 100 operations are recognizable. The rank of the 

procedures was then also analyzed in univariate and multivariate logistic regression models 

for the different outcome factors to evaluate other factors contributing to the learning curve. 

Statistical analyses were conducted using SPSS software (version 20, SPSS Inc., Chicago, 

Illinois, USA) for the general statistics and SAS software (version 9.2, SAS Institute Inc., Cary, 

NC, USA) for the LOESS based learning curves.

Results

We included 100 patients each from NKI-AVL (1995-1999), Catharina Hospital Eindhoven 

(2007-2011), St Antonius Hospital Nieuwegein (2005-2010) and 72 patients from University 

Medical Center Groningen (2006-2012) as the target of 100 patients was not reached by 

the time of analysis, for a total of 372 patients. While the indication for most procedures 

(72%) was PM from CRC, with the remaining procedures (28%) performed for PMP, the 

pioneer hospital performed more procedures for PMP (40%) than the new institutions (19-

33%, p=0.003). 

The number of abdominal regions affected was different between the hospitals ranging 

from a mean of 3.0 to 4.3 regions (p<0.001, Table1).
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Table 1 Patient characteristics

Table 1 Numbers in parentheses are percentages, unless otherwise specified.a Pearson X2 test, b Kruskal-

Wallis test. Hospital I: pioneer NKI-AVL; Hospital II: Sint Antonius Nieuwegein; Hospital III: UMCG; Hospital IV: 

Catharina Hospital Eindhoven

Median duration of surgery differed by hospital ranging from 420 minutes to 636 minutes 

(p<0.001) as did the amount of blood loss during the procedures; the pioneer cohort had a 

larger amount of blood loss than the new hospitals (median 5450 ml in the pioneer hospital 

vs. 985-1445 ml in the new institutions, p<0.001, Table 2). The proportion of macroscopic 

complete (R1) cytoreductive procedures varied significantly from 66 to 93% (p<0.001). 

Morbidity and mortality rates as well as duration of hospital stay were lower in the new 

hospitals (p<0.001). 
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   Hospital I Hospital II Hospital III Hospital IV p-value
  n=100 n=100 n=72 n=100 

Gender Male 54 48 28 (39) 42 0.180a
 Female 46 52 44 (61) 58 
Age  median,  54 (24-76) 59 (30-76) 58 (34-75) 61 (21-77) 0.008b
 range
HIPEC indication  PC from   60 81 48 (67) 78 0.003a
 CRC
 PMP 40 19 24 (33) 22 
Localisation primary Appendix 35 29 27 (38) 20 0.120a
tumor Colon 30 32 22 (31) 30 
  Recto-sigmoid 28 38 21 (29) 41 
  unknown 7 1 2 (3) 9 
T number (CRC) T1 0 2 0 1 0.900b
  T2 1 2 1 (1) 4 
 T3 26 31 21 (29) 27 
  T4 30 32 23 (32) 36 
  missing 3 14 3 10 
N number (CRC) 0 21 27 8 (11) 17 0.020b
 1/2 28 40 37 (51) 51 
 missing 11 14 3 10 
Tumor stage of primary I-II 16 14 4 10 0.440b
tumor
  III 15 20 15 27 
 IV 28 38 26 33 
Regions affected (1-7) mean 4.3 3.0 3.9 3.7 <0.001b
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Table 2 Surgical outcome

Table 2: Numbers between parentheses are percentages, unless otherwise specified. a Kruskal-Wallis test, b 

Pearson X2 test, c Fischer’s Exact Test, x in-hospital deaths were excluded. Pioneer: NKI-AVL; New institutions II 

Sint Antonius Nieuwegein; III UMCG; IV Catharina Hospital Eindhoven

The performance in the pioneer cohort and the new institutions (n=272) by case sequence 

number is shown in Figure 1. For none of the 4 outcomes does the pioneer hospital show 

a significant increase or decrease in the first 100 procedures. The curves of complete 

cytoreduction rate, blood loss and duration of operation of the new institutions show 

improvement in the first 100 procedures. The complete cytoreduction (R1) curve shows a 

better starting level of 80% R1-resections for the new institutions, compared to 50% for 

the early procedures of the pioneer hospital, and shows further improvement until above 

90% at case 100 (Fig. 1a). This is similarly the case for the blood loss curve of the new 

institutions, with a starting level of approximately 2000 ml compared to 5000 ml of the 

pioneer hospital (Fig 1c). The starting level of duration of operation of the pioneer hospital 

and new institutions is similar, but only the new institutions show a decrease (Fig 1d). The 

starting level of morbidity is better in the new institutions with 30% compared to around 

50%, but does not decrease visibly (Fig 1b). The latest consecutive procedures (n=454-545, 

2009-2012) of the experienced pioneer hospital are displayed as a reference. Although the 

new hospitals started with a lower complete cytoreduction rate, they show a slightly better 

cytoreduction rate after 100 procedures. For morbidity and blood loss, results of the new 

institutions and the experienced pioneer cohort are similar. Duration of the procedure is 

generally shorter in the experienced cohort of the pioneer hospital, but the new institutions 
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  Pioneer  New institutions  Pioneer today p

   II  III IV
  n=100 n=100 n=72 n=100 n=100

Operating time median,  570 420 636 410 384,5 <0.001a 
(mins) range (360-1080) (200-840) (347-865) (195-720) (187-605)
Blood loss (ml) median,   5450  1000 1445 985 1410 <0.001a

 range (570-55000) (50-8500) (0-5500) (100-6600) (100-8200)
Completeness of R1 66 93 54 (75) 87 85 <0.001b 
cytoreduction R2a 28 6 11 (15) 10 8
 R2b 6 1 7 (10) 3 7
Morbidity Gr. III-V 64 27 31 (43) 29 34 <0.001b

Mortality   13 4 0 2 3 <0.001c

Hospital stay  median,  24  11 19 12 15 <0.001a

(days)x range  (13-90) (4-143) (7-145) (5-67) (7-112)
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decrease the duration during the first 100 procedures. However, it is notable that the curves 

of the experienced cohort of the pioneer hospital still show some fluctuation in outcome 

levels. Extended curves of the whole experience of the pioneer hospital, including all of the 

554 cases, were added as a reference for the development of the primary endpoints after the 

first 100 cases (supplementary Figure 1).

Figure 1 Learning curves

Univariate analysis of the major outcome parameters points out that there was a difference 

in the probability of a complete cytoreduction between the new institutions, but not in 

the probability of major morbidity. A multivariate evaluation of the performance revealed 

that the improvement in complete cytoreduction with case sequence number as observed 

in Figure 1A is not due to a change in patient characteristics such as gender, pathology or 

number of affected regions. Complete cytoreduction rate improves by 19% (95% CI 2-45) 

per 10 procedures. Morbidity with SAE grade III-V did not change significantly with case 

sequence number. Both outcomes were significantly associated with the number of affected 

regions (Table 3).
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Figure 1: CRS-HIPEC learning curves of the first 100 procedures of the pioneer hospital (n=100), the 

first 100 procedures of new institutions (n=272) and the latest 100 procedures of the pioneer hospital 

(n=100) Blue line: pioneer hospital. Yellow line: new CRS-HIPEC institutions. Green line: latest procedures of 

pioneer hospital a: Complete cytoreduction curve: percentage of R1 resections vs. rank of operation. b: 

Major toxicity rate (CTCAE grade III-V) curve: percentage of toxicity grade III-V vs. case sequence number 

of operation. c: Blood loss curve: milliliters of blood loss vs. case sequence number of operation. d: Duration 

of operation curve: duration of operation in minutes vs. case sequence number of operation.
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Discussion

Our study shows that the new institutions performed better with respect to complete 

cytoreduction rate, SAE grade III-V morbidity and blood loss from the outset compared 

with the pioneer institution. Furthermore, the new institutions had a clear learning curve 

for complete cytoreduction rate, blood loss and duration of operation which is shown by a 

significant improvement in outcome with increasing case sequence number during the first 

100 procedures, which was not the case in the pioneer institutions.

An important predictive factor for outcome is the biology of the disease, which differed 

between the hospitals. In the pioneer cohort more patients with PMP were treated, this 

was similarly the case in the UMCG compared to the other two hospitals. The two cohorts 

with more PMP cases had a higher number of abdominal regions affected on average, 

which might have resulted in worse surgical outcome. The higher number of PMP patients 

has possibly influenced surgical outcome. These patients are operated although they have 

high abdominal tumor load and consequently a larger chance of extended duration of 

the operation and major morbidity.23 The biology of the disease appeared not to be an 

independent predictive factor for the learning curves of the primary endpoints, complete 

cytoreductions and morbidity, in this study.

Patient selection is paramount in CRS-HIPEC. In the pioneering phase of this treatment, 

patients with great extent of abdominal disease were not eligible for the procedure. Studies 

have shown that these patients have more morbidity, a higher chance of incomplete 

cytoreductions and poorer survival.17, 24, 25 It was suggested that the learning curve of CRS-

HIPEC is mainly a patient selection learning curve, indicating that in the recent years patients 

undergoing CRS-HIPEC have less abdominal tumor load 26. Although patient selection is an 

important part of the training and mentoring, in this study no significant change in affected 

abdominal regions over the first 100 procedures was observed in the first 100 patients of 

the pioneer hospital. However, for the new institutions the number of affected abdominal 

regions decreased significantly within the first 100 procedures. Therefore, the multivariate 

analyses were corrected for abdominal region count, but still the case sequence number 

was an independent predictive factor for complete cytoreduction, which suggests that the 

learning curve is not fully dependent on better patient selection. 
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This study is limited by its retrospective design. Furthermore, it was not taken into account 

how frequent the institutions performed CRS-HIPEC when the learning curves were 

established. The time that was needed to perform the first 100 procedures was different 

between the institutions. The typical frequency of procedures was once every fortnight 

varying from one every month to one weekly. Several CRS-HIPEC studies have shown that 

morbidity, complete cytoreduction rate, hospital stay and duration of operation improve with 

case sequence number. 9, 11, 27 Because of the different patient populations and endpoints 

direct comparison of the observed learning curves with those reported in  the literature is 

not possible. However, most of the studies compared two or three groups of patients with 

each other to examine whether outcome improved with gained experience. This resulted 

in group comparisons instead of a case-by-case learning curve. Kusamura et al. found an 

interesting method to establish a case-by-case learning curve in which corrections were 

made for several contributing factors.12 In the Kusamura study and several other studies it 

was suggested that a well-structured training program including an experienced surgeon 

tutoring could be helpful to achieve a steeper learning curve. 

As a result of educational efforts from the world CRS-HIPEC community, the new institutions 

in this study started with more knowledge of the CRS-HIPEC procedure. The majority of 

this knowledge came from studies performed in the pioneering phase. This knowledge, 

consisting of disease as well as of treatment details, contributed to a better preconditioned 

state of the new HIPEC centers. Furthermore, the pioneer institution taught the standardized 

Dutch protocol to all the new institutions. The first ten procedures were performed in the 

physical presence of a tutor who provided hands-on training; hereafter the institutions 

were mentored and advised from a distance. These later procedures, therefore, are of 

special interest: could the institutions maintain the quality of the procedures following the 

intensive training? The learning curves show that the institutions were able to sustain the 

level of the first mentored procedures and even improved the complete cytoreduction rate 

to 90% after 100 procedures. The cut-off point of the learning curve, a point reached 

when the procedure can be performed independently and competently, was not established 

beforehand. Though, with having reached a 90% complete cytoreduction rate within the 

first 100 procedures, it is reasonable to conclude that that this point was reached in the 

new institutions within these first 100 procedures. For the other parameters this is harder to 

establish, but intra-operative blood loss was already at a low level, and the morbidity rate 
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was similar to the experienced pioneer hospital. The curve of the duration of the operation 

ends with a steep slope downwards, so at least no plateau level was visible for this endpoint. 

Also, at the end of the 100 procedures the new institutions are at a similar outcome level 

for complete cytoreduction rate and morbidity compared to the curves of the experienced 

CRS-HIPEC hospital (1995-2012).

Not only learning and mentoring could have contributed to the improved learning curves 

of the new CRS-HIPEC institutions. There is a “worldwide learning curve” which represents 

the accumulating knowledge of the treatment of peritoneal malignancies. Also, careful 

patient selection, improved surgical technique and dedicated oncological care performed by 

specialized teams have resulted in better patient care.

In conclusion, new institutions started with a better performance and experienced a significant 

learning effect for complete cytoreduction rate in the first 100 CRS-HIPEC procedures. 

During this learning phase, patient care and outcome were better in the new institutions, 

which resulted in an improved learning curve compared to the pioneer hospital. However, 

the learning curve is shorter than reported in other studies, which can be accomplished by 

training and mentoring. For setting up a new CRS-HIPEC center it is therefore recommended 

to go through an intensive training program provided by an experienced CRS-HIPEC team.

Supplementary Figure 

82  |  Chapter 4

0 100 200 300 400 500 600

0 100 200 300 400 500 600

case sequence

case sequence

1

0.6

0.2

1

0.6

0.2

%
 G

ra
de

 II
I-V

 m
or

bi
di

ty
%

 R
1 

re
se

ct
io

ns

Proefschrift Anke.indd   82 04-08-15   16:26



Supplementary Figure 1: CRS-HIPEC learning curve of entire experience pioneer hospital (n=556) Blue 

line: pioneer hospital procedures. Dotted line: 95% CI. Arrow points to the end of the RCT after which the 

standardized Dutch HIPEC protocol was implemented. a: Complete cytoreduction learning curve: : percentage 

of R1 resections vs. rank of operation. b: Major toxicity rate (CTCAE grade III-V) learning curve: percentage of 

toxicity grade III-V vs. rank of operation
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Abstract

Aim

To compare outcome of women who underwent cytoreductive surgery and 

hyperthermicintraperitoneal chemotherapy (CRS-HIPEC) for peritoneal disease with ovarian 

metastasis to outcome of women without ovarian metastasis who underwent CRS-HIPEC.

Methods

A prospective CRS-HIPEC database was searched to identify women with surgically treated 

colorectal and appendicealcarcinoma between 2000 and 2012. Patients with ovarian 

metastasis were identified and patients with peritoneal carcinomatosis but without ovarian 

metastasis were included as control cases. 

Results

75 patients with macroscopic ovarian metastasis underwent CRS-HIPEC with curative intent, 

while 50 female patients without ovarian metastasis were identified who underwent CRS-

HIPEC. Patients with ovarian metastasis more often had a primary appendiceal tumor and 

had a more extensive intra-abdominal tumor load compared to patients without ovarian 

metastases. Median follow-up time was 45 months (95% confidene interval (CI): 37 – 53 

months). Overall survival (OS) did not differ significantly between the two groups with a 

median OS in the ovarian metastasis group of 40 months (95% CI 26-54) compared to 

64 months (95% CI 17-111, P = 0.478) in the non-ovarian metastasis group. Recurrence 

patterns did not differ significantly between groups (p=0.183). 

Conclusions

Patients with ovarian metastasis of colorectal and appendiceal origin who underwent CRS-

HIPEC had similar outcome compared to patients without ovarian metastasis. Given the 

findings of high coincidence of peritoneal metastases with ovarian metastases and ovarian 

metastases not being an independent factor for survival after CRS-HIPEC, this procedure 

should be recommended for patients with peritoneal metastases and ovarian metastases of 

colorectal or appendiceal carcinoma.
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Introduction

Metastatic spread to the ovaries has often been considered an ominous development in the 

progression of colorectal carcinoma (CRC); ovarian metastases are often rapidly progressive, 

relatively chemoresistant and associated with a poor prognosis.1-5 Development of ovarian 

metastasis is associated with the presence of peritoneal carcinomatosis (PC) in colorectal 

cancer patients. In one report,ovarian metastases were found in 52% of patients who 

underwent cytoreductive surgery and hyperthermicintraperitoneal chemotherapy (CRS-

HIPEC) for peritoneal carcinomatosis.6 This is relatively frequent compared to the overall 

ovarian metastases incidence of 2-8% in female colorectal cancer patients.3,7,8 Moreover, 

isolated ovarian metastasis has been demonstrated to be a risk factor for subsequent 

development of PC.9-10 The coincidence of PC and ovarian metastases could imply that 

these sites share a common metastatic pathway via direct peritoneal seeding; however, this 

is not universally accepted. Other metastastic routes through lymphatic or haematological 

spread have been suggested by various groups.11-13 

Since ovarian metastases seem to be less responsive to systemic chemotherapy compared to 

other metastatic sites, oophorectomy is generally recommended. Oophorectomy has been 

shown to be of varying benefit; it is often considered to contribute to optimal palliation 

in patients in whom cure can not be established as ovarian metastases are considered to 

represent hematogeneous spread.14-18 Still, with complete oophorectomy in the case of 

isolated ovarian metastases, a median survival of 31 months has been reported with 5-year 

survival rates ranging from 15% to 80% in some relatively small studies.3,17-18 However, 

if ovarian metastases develop through peritoneal seeding, CRS-HIPEC may be a more 

appropriate treatment modality, as this has been shown to be the preferred treatment of 

peritoneal carcinomatosis.19-22 In the Netherlands Cancer Institute, ovarian metastases are 

considered to be a manifestation of peritoneal carcinomatosis and therefore CRS-HIPEC is 

systematically performed in these patients. 

In this study, we report the outcome of adopting this approach in patients with ovarian 

metastases, with and without concomitant peritoneal carcinomatosis, as compared to 

patients with peritoneal carcinomatosis without ovarian metastases.
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Methods

Patients and selection

All female patients who were treated with CRS-HIPEC for peritoneal metastasis from colorectal 

carcinoma or non-mucinous, non-pseudomyxoma, intestinal-type appendiceal carcinoma 

between 2000 and 2012 at the Netherlands Cancer Institute – Antoni van Leeuwenhoek 

were included and were grouped according to the presence of ovarian metastases. In the 

ovarian metastasis group, ovarian metastases were diagnosed histologically after prior 

oophorectomy, before referral to our institute, or were found radiologically and removed 

during CRS-HIPEC. The control group consisted of women without ovarian metastasis 

who underwent CRS-HIPEC in the same time period. Patients with an incidental finding of 

microscopic ovarian metastasis in grossly normal ovaries were excluded, as were patients 

who underwent palliative oophorectomy without CRS-HIPEC.

Treatment

All patients included underwent CRS-HIPEC with intraperitonealmitomycin C according 

to the Dutch HIPEC protocol, as described previously.20,23 All visible tumor nodules were 

resected, and visceral resections and peritonectomy procedures were performed as required, 

to establish a macroscopic complete cytoreduction (R1 resection).24 Subsequently, the open 

perfusion protocol with mitomycin C was performed. Extent of intraperitoneal tumor load 

was determined using the Dutch 7 region count.25 

Data collection and analysis

Women undergoing CRS-HIPEC for peritoneal metastases of colorectal cancer were identified 

by retrospective analysis of a prospective database of CRS-HIPEC procedures. Presence of 

ovarian metastases was confirmed through a review of medical history, pathology and 

radiology reports.

Statistical analysis

Patient characteristics were analysed by descriptive statistics. Differences between groups 

were evaluated by chi-square test for nominal variables and by Student’s t-test or Mann-

Whitney U test, depending on distribution, for ordinal and continuous variables. Exact tests 

were applied in the case of insufficient numbers. Duration of follow-up was determined 

using the reverse Kaplan-Meier method. Survival analysis was performed by the Kaplan-

Meier method and compared by the log-rank test. Where appropriate, correction for multiple 
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factors was performed using Cox-regression analysis. Statistical analyses were conducted 

using SPSS software (version 20, SPSS Inc., Chicago, Illinois, USA).

Results

Patient and tumor characteristics

During the study period, 131 female patients underwent CRS-HIPEC with curative intent for 

colorectal or appendiceal cancer, of whom 81 patients had ovarian metastases. Of the 81 

patients, the presence of ovarian metastases of colorectal carcinoma had been histologically 

confirmed by prior oophorectomy in 57 cases, whereas in 24 women, oophorectomy was 

performed during CRS-HIPEC. Of these 24, 6 patients underwent removal of macroscopically 

normal ovaries, but were found to have microscopic tumor involvement, whereas the 

remaining 18 had grossly abnormal ovaries either on preoperative radiographic examinations 

or during CRS-HIPEC. The patients with microscopic ovarian metastases were excluded; 

therefore, 75 patients with macroscopic ovarian metastases treated with CRS-HIPEC after or 

during oophorectomy were included. In 14 of these patients (19%), no further peritoneal 

lesions were observed intra-operatively.In this same period, 50 female patients underwent 

CRS-HIPEC for peritoneal metastasis without diagnosis of ovarian metastases.

Clinicopathological characteristics of the 75 patients with ovarian metastases and 50 patients 

without ovarian metastases are shown in Table 1. There were no significant differences in 

age distribution between women with and without ovarian metastases. As shown, there 

were significantly more primary appendiceal cancers in patients with ovarian metastases. 

Moreover, patients with ovarian metastases had significantly more extensive intraperitoneal 

tumor load, although rates of macroscopically complete cytoreduction, which were 80% and 

90% in patients with and without ovarian metastases respectively, did not differ between 

the 2 groups. There were no significant differences in primary tumor stage, histological 

subtype or peri-operative systemic chemotherapeutic treatment.
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Table 1 Clinicopathological characteristics

aStudent’s t-test, bChi-square test, c Fischer’s exact test
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 Ovarian metastases No ovarian metastases p-value
 n=75 n=50

Age (years)   
Mean (range) 54 (25-79) 52 (24-73) 0.322a

Age < 50 26 (35%) 15 (30%) 0.586b

Location primary tumor   0.015c

Colon 54 (72%) 37 (74%) 
Rectum 7 (9%) 11 (22%) 
Appendix 11 (15%) 1 (2%) 
Unknown 3 (4%) 1 (2%) 

   
Histology   0.615c

Intestinal type  50 (68%) 36 (72%) 
Mucinous  20 (27%) 9 (18%) 
Signet cell 4 (4%) 3 (6%) 
missing 1 (1%) 2 (4%) 

T-stage   0.145b

1 0 0 
2 8 (11%) 1 (2%) 
3 37 (49%) 26 (52%) 
4 23 (31) 20 (40%) 
missing 7 (9%) 3 (6%) 

N-stage   0.856b

0 19 (25%) 14 (28%) 
1 23 (31%) 19 (38%) 
2 19 (25%) 12 (24%) 
missing 14 (19%) 5 (10%) 

Time between primary tumor and CRS-HIPEC
(months)   

Median (range) 8 (0-48) 6.5 (0-93) 0.785b

Abdominal region count (0-7)    
Mean (95%CI) 3.2 (2.8-3.7) 2.3 (1.9-2.7) 0.007a

Max 5 regions 62 (84%) 49 (98%) 0.011b

Complete cytoreduction 58 (80%) 45 (90%) 0.119b

Systemic chemotherapy
(relative to CRS-HIPEC)   

Neo-adjuvant 31 (41%) 20 (40%) 0.882b

Adjuvant 40 (55%) 29 (58%) 0.632b
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Survival analysis

Median follow-up time was 45 months (95% CI: 37-53 months). Survival data for CRS-HIPEC 

patients with and without ovarian metastases are shown in Table 2. Median progression-

free survival was 16 months (range 10-22 months) in the ovarian metastases group and 17 

months (range 16-22 months) in the group without ovarian metastases (Figure 1, p=0.791). 

Median overall survival was also similar between the two groups (Figure 2, p=0.478); it was 

40 months (range 26-54 months) in the ovarian metastases group and 64 months (range 

17-111 months) in the group without ovarian metastases. In Cox-regression analysis ovarian 

metastasis was not a univariate predictive factor for survival (HR 1.21, 95% CI 0.71-2.06), 

nor was it predictive for survival after correction for tumor load (HR 0.84, 95% CI 0.48-

1.49). Moreover, appendiceal origin of the primary tumor was not an independent factor 

for survival in univariate Cox-regression analysis (HR 1.16, 95% CI 0.50-2.71, p=0.735). To 

determine whether menopausal status was an independent factor, survival of women ≤ 50 

years old was compared to survival of women of 51 years and older; age under 51 was not 

an independent factor for survival in univariate Cox-regression analysis (HR 0.87, 95% CI 

0.50-1.52, p=0.625).

Table 2 Survival after treatment with CRS-HIPEC

a Log-rank test
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 Ovarian metastases No ovarian metastases p-value
 n = 75 n = 50
 

Progression-free survival (months)   
Median (95% CI) 16 (10-22) 17 (16-22) 0.791a

3-year (%) 30 25 

Overall survival (months)   
Median (95% CI) 40 (26-54) 64 (17-111) 0.478a

3-year (%) 54 57 
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In the group of patients undergoing CRS-HIPEC for ovarian metastases, peritoneal 

carcinomatosis was found in 58 patients (77%); overall survival rates in this group were 

lower than in patients with isolated ovarian metastases (3-year survival rates 48% and 77%, 

respectively; p=0.045). When corrected for extent of peritoneal tumor load in Cox-regression 

analysis, concomitant peritoneal carcinomatosis was not a predictive factor for survival (HR 

1.51, 95% CI 0.51-4.47, p=0.451) (Figure 3).

Figure 3. Overall-survival after CRS-HIPEC for patients with isolated ovarian metastases or further peritoneal 

spread, corrected for tumor load. Cox-regression survival function.
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Figure 1. Progression-free survival after CRS-HIPEC 

for patients with or without ovarian metastases.

Kaplan-Meier curve, log-rank test.

Figure 2.Overall survival after CRS-HIPEC for 

patients with or without ovarian metastases.Kaplan-

Meier curve, log-rank test.

Overall Survival (corrected for tumour load)

months after CRS-HIPEC
0 12 24 36 48 60

1,0

0,8

0,6

0,4

0,2

0,0

C
u

m
u

la
ti

ve
 S

u
rv

iv
al

isolated ovarian metastases
ovarian metastases + PC

p=0.451

Proefschrift Anke.indd   95 04-08-15   16:26



Patterns of recurrence

Of the 125 patients studied, 87 patients (72%) developed a recurrence during follow-up. 

52 patients with ovarian metastases and 35 patients without ovarian metastases developed 

recurrent disease (69% and 70%, respectively). Intraperitoneal recurrence occurred in 47 

patients, while 29 patients developed systemic disease and combined intraperitoneal and 

systemic recurrences developed in 9 patients. Information on the location of recurrence was 

missing in 2 patients. The recurrence patterns are shown in Table 3. As shown, no significant 

differences in patterns of recurrence were found between CRS-HIPEC patients with and 

without ovarian metastases. Particularly, systemic recurrences developed in 46% of patients 

with ovarian metastases and in 42% of patients with extra-ovarian peritoneal metastases 

who developed recurrent disease (p=0.736). 

The presence or absence of concomitant PC in patients with ovarian metastases was not 

associated with differences in recurrence patterns; in both groups 40-46% of patients had 

systemic recurrences (p=0.727).

Discussion

In this study, we show that overall survival of patients with ovarian metastases undergoing 

CRS-HIPEC for peritoneal metastases does not significantly differ from female patients with 

peritoneal metastases without ovarian metastases. By comparing these patient groups we 

demonstrate that long-term prognosis after CRS-HIPEC is not affected by the presence of 

ovarian metastases. Finally, recurrence patterns and rates of systemic recurrence do not 

differ between patients with and without ovarian metastases, with the majority of failures 

occurring in the peritoneal cavity. 

There is considerable controversy surrounding the pathogenesis of ovarian metastasis. 

Different hypotheses supporting lymphatic, hematogenic or direct intraperitonealspread 

havebeen established.11-13,26 A recent review demonstrated that isolated ovarian metastasis 

found and resected synchronously to the primary tumor is a significant risk factor for 

subsequent development of peritoneal carcinomatosis.10 Systematic second look surgery was 

recommended in these patients so that true peritoneal carcinomatosis could be identified at 

the earliest possible time and CRS-HIPEC could be performed when necessary. In contrast, 

in our institute ovarian metastases are considered a manifestation of already established 

peritoneal spread rather than a risk factor for future peritoneal carcinomatosis; therefore, 

CRS-HIPEC is systematically offered to patients with previously proven or radiologically 
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apparent ovarian metastasis. 

Outcome of CRS-HIPEC in patients with and without ovarian metastases was similarly 

addressed in a recently published article of Eveno et al.27 They also showed similar survival 

and recurrence patterns between patients with and without ovarian metastases and found 

that patients with ovarian metastases developed retroperitoneal lymph node metastases 

more often. This specific recurrence site was not addressed in our study; nevertheless, 

overall systemic recurrence rates did not differ between patients with and without ovarian 

metastases. The patient population of the Eveno et al. study differs from this study by the 

exclusion of patients with appendiceal carcinoma, which in our study was frequently the 

primary tumor in patients with ovarian metastases; and the performance of EPIC instead of 

HIPEC in nearly 30% of women. 

Although the retrospective nature of the current study may be a limitation, the data 

presented here were obtained prospectively during the study period. Moreover, the fact that 

our institute has systematically performed CRS-HIPEC for ovarian metastasis probably limits 

the degree of variation and the amount of selection bias. Patients treated for mucinous 

appendiceal carcinoma and pseudomyxomaperitonei were excluded from the current study. 

However, patients with non-mucinous, non-pseudomyxomaappendiceal carcinoma were 

included in this study; appendiceal origin appeared not to be an independent predictor for 

survival.

The number of patients with isolated ovarian metastases is low in this study; it is therefore 

not possible to firmly conclude that these patients should be offered CRS-HIPEC as well. 

However, when corrected for tumor load, no significant difference in overall survival between 

these patients and those with concomitant PC could be demonstrated. Correction for 

tumor load was performed to correct for patients with more advanced stage of peritoneal 

disease in the patient group with ovarian metastases and concomitant PC. Hopefully, the 

PROPHYLOCHIP study (NCT01226394), which randomizes high-risk PC patients between 

follow-up or prophylactic HIPEC, will further elucidate the best treatment for patients with 

isolated ovarian metastases.

The relatively small number of patients with isolated ovarian metastases can have several 

explanations. Firstly, lack of referral of patients with isolated ovarian metastases by other 

hospitals to our centre may contribute to this. Secondly, in a large number of patients 

who initially appeared to have just ovarian metastases, concomitant PC was found during 

CRS-HIPEC. Evidently, patients with ovarian metastases have high risk to develop PC, but 

preoperative confirmation of PC by regular imaging techniques is difficult. 9,28

Ovarian metastasis has long been regarded as a separate clinical entity within the progression 
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of colorectal carcinoma; their chemo-resistance and often rapidly progressive growth 

pattern have caused ovarian metastases to be considered an incurable manifestation with 

a dismal prognosis, with oophorectomy having only palliative value at best. The ongoing 

discussion regarding the pathogenesis of ovarian metastasis and different possible patterns 

of metastatic spread to the ovaries has so far been of limited value in establishing appropriate 

treatment modalities in these patients. The study presented here indicates that, in regards 

to the biological behaviour and response to treatment, ovarian metastases are very similar 

to peritoneal carcinomatosis. For the treatment of peritoneal carcinomatosis the presence of 

ovarian metastases is not relevant, since similar survival was found, equivalent to the survival 

published in the previously performed prospective randomized trial. 

In conclusion, patients with ovarian metastasis of colorectal or appendiceal origin who 

underwent CRS-HIPEC for peritoneal metastases had similar outcome compared to patients 

without ovarian metastasis. Given the high coincidence of peritoneal metastases with 

ovarian metastases and given that ovarian metastases are not an independent factor for 

survival after CRS-HIPEC, ovarian metastases can be considered to be part of the peritoneal 

tumor spread. CRS-HIPEC should, therefore, be recommended for this patient group.
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Abstract  

Background

Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) is the 

preferred treatment for peritoneal carcinomatosis (PC) of colorectal carcinoma. Patients with 

positive lymph node status have worse survival after CRS-HIPEC, which is probably due to 

higher rates of systemic failure. In this study we analysed the effect of administration and 

timing of systemic chemotherapy on outcome of lymph node positive colorectal carcinoma 

patients treated with CRS-HIPEC.

Patients and Methods

A prospective database was reviewed to identify lymph node positive patients with PC 

treated with CRS-HIPEC within one year after primary tumor diagnosis between 2004 

and 2012. Medical history of the patients was studied for administration of perioperative 

systemic chemotherapy and follow-up. Outcome parameters were progression-free survival, 

overall survival and pattern of recurrence .

Results

73 patients treated with CRS-HIPEC for PC from lymph node positive colorectal carcinoma 

were identified. 14 patients received pre-CRS-HIPEC chemotherapy only, 32 patients 

underwent post-CRS-HIPEC chemotherapy only, nine patients received chemotherapy both 

pre- and post-CRS-HIPEC and 16 patients did not receive any systemic chemotherapy. Of 

the 47 patients who did not receive pre-CRS-HIPEC chemotherapy, 11 (23%) did not receive 

any chemotherapy due to major postoperative complications. Progression-free survival 

(PFS) and overall survival (OS) were significantly higher in patients who received systemic 

chemotherapy (PFS: median 15 vs. 4 months, P = 0.024; OS: median 30 vs. 14 months, P = 

0.015) although this difference was attenuated after adjustment for major complications. 

Different chemotherapy timings did not differ significantly in either survival or recurrence 

patterns.

Conclusions

In patients with PC from lymph node positive colorectal carcinoma, perioperative systemic 

chemotherapy is associated with increased OS and PFS although this difference may be 

partly explained by the occurrence of major postoperative complication; with no evidence 

of difference in PFS, OS and systemic recurrence rate by timing of systemic chemotherapy. 
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Introduction 

Synchronous peritoneal carcinomatosis (PC) is found in approximately 4-5% of colorectal 

cancer patients.1-3 The occurrence of peritoneal metastases is generally an indicator of poor 

clinical outcome.4 Systemic chemotherapy has been found to be less effective in the treatment 

of peritoneal dissemination than of haematogenic spread.5-7 Therefore, cytoreductive surgery 

and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) has become the treatment of 

choice for PC of colorectal origin without distant or visceral metastatic spread since the 

publication of a randomized trial comparing CRS-HIPEC to systemic chemotherapy.8,9 In this 

study, CRS-HIPEC was followed by adjuvant systemic chemotherapy. However, the evidence 

regarding the survival benefit of the additive effect of chemotherapy within this framework 

is limited.

Primary tumor lymph node involvement has been found to be associated with an increased risk 

of systemic failure in colorectal carcinoma, which has led to adjuvant systemic chemotherapy 

as standard practice in these circumstances.10-12 In patients with synchronous PC, who are 

at increased risk for intra-abdominal failure, lymph node positivity is also associated with a 

decreased survival after CRS-HIPEC.3,13-15 Theoretically, these patients are at increased risk 

for both intraperitoneal and systemic failure and are therefore expected to benefit from 

a combination of CRS-HIPEC and systemic chemotherapy. However, the role and optimal 

timing of systemic chemotherapy in CRS-HIPEC protocols remain to be determined.16 

In this study, the results of different timing of systemic chemotherapy in patients treated 

with curative intent for PC of lymph node positive colorectal cancer have been assessed; 

we address the relative importance of systemic chemotherapy in this group of patients and 

propose a treatment algorithm. 
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Patients and methods 

Patient selection

This study was performed in accordance with institutional ethical guidelines and based on 

good clinical practice. Patients with PC of colorectal carcinoma treated with CRS-HIPEC in the 

Netherlands Cancer Institute, a tertiary referral center for peritoneal surface malignancies, 

between 2004 and 2012 were included. From this total population, all patients with a lymph 

node positive primary tumor and PC at or within one year after primary tumor diagnosis 

were selected.

Treatment

CRS-HIPEC was performed following the Dutch HIPEC protocol.17 The aim of cytoreduction 

was to obtain either a macroscopically complete (R1) debulking (no macroscopically visible 

residual disease) or residual peritoneal lesions less than 2.5 mm thickness (R2a debulking). In 

patients in whom either of these situations was achieved, open perfusion of the abdominal 

cavity with mitomycin C was carried out after cytoreduction.18 As soon as an equally 

distributed perfusate temperature of 41°C - 42°C was reached, 35 mg/m2 mitomycin C was 

added, in three fractions with a 30 minute interval. Total perfusion time was 90 minutes.

Data collection and analysis

A prospective database was reviewed for patient and primary tumor characteristics, and 

extent of peritoneal disease. Chemotherapy data were obtained from a review of the 

medical history. Pre-CRS-HIPEC chemotherapy was defined as administration of systemic 

chemotherapy either adjuvant to primary tumor resection or in a neo-adjuvant setting 

before CRS-HIPEC. Post-CRS-HIPEC chemotherapy was defined as administration of systemic 

chemotherapy starting within three months after CRS-HIPEC. Tumor load was measured 

using the Dutch 7 Region Count.19,20 Completeness of CRS was determined according to the 

maximum thickness of residual tumor nodules after cytoreduction. No residual macroscopic 

tumor was graded as an R1 resection and residual macroscopic tumor nodules < 2.5 mm 

were recorded as an R2a resection.21 Patients with an R2b resection (larger residual tumor 

nodules) did not undergo HIPEC and were therefore not included in this study. Morbidity 

was graded by the National Cancer Institute’s Common Toxicity Criteria of Adverse Events 

version 4.0 (CTCAE v4.0).22 Grade 3-5 complications were classified as major complications.

Primary endpoints were progression-free and overall survival (PFS and OS, respectively), 

measured from the date of CRS-HIPEC. Median PFS and OS were expressed in months. 
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Furthermore, 3-year survival rates were measured. Secondary endpoint was recurrence 

pattern. Recurrence patterns were divided into three categories: intraperitoneal (peritoneal 

and abdominal wall), systemic (liver, lung, brain and lymphatic) and both intraperitoneal and 

systemic. 

Statistical analysis

Clinicopathological characteristics and surgical outcome were analyzed by descriptive 

statistics. Categorical variables were compared using chi-square analysis or Fisher’s exact 

test. Continuous variables were compared using Student’s t-test or Mann-Whitney U-test, 

depending on distribution of the data. Median duration of follow-up was calculated using 

the reverse Kaplan-Meier method. Survival was measured with the Kaplan-Meier method. 

Due to the relatively small sample size, we used exact rather than asymptotic log-rank tests 

for survival comparisons by treatment groups. A two-sided p-value < 0.05 was considered 

significant. In order to account for the potentially confounding effect of post-CRS-HIPEC 

complications, we performed multivariate Cox regression analysis including age, pre-

operative performance status, administration of chemotherapy and occurrence of major 

post-CRS-HIPEC complications. Statistical analysis was conducted using SPSS software 

(version 20, SPSS Inc., Chicago, Illinois, USA), except for the exact log-rank tests, which were 

conducted using StatXact software (version 9, Cytel Inc, Cambridge, USA).
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Results

Patient and tumor characteristics

During the study period, 202 patients with PC of colorectal origin underwent CRS-HIPEC 

in the Netherlands Cancer Insitute; of these, 117 patients had a lymph node positive 

primary tumor. 73 patients (62% of all node positive cases) developed PC at or within one 

year from primary tumor diagnosis and were therefore included in the study, as shown in 

Supplementary Figure S1. Clinicopathological characteristics of these 73 patients are shown 

in Supplementary Table S1. Most patients had PC limited to maximum five out of seven 

abdominal regions. A macroscopically complete (R1) cytoreduction was achieved in 87% of 

patients. In the remaining patients, minimal residual disease remained after cytoreduction 

(R2a); no patients with R2b cytoreduction were included in the study.

Supplementary figure 1

Figure S1. Selection of patients with synchronous peritoneal carcinomatosis of a node positive primary 

colorectal tumor
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Table S1. Clinicopathological and surgical characteristics

Data presented as N(%) unless indicated otherwise

Chemotherapeutic treatment

Of the 73 patients included, data on chemotherapeutic treatment were known for 71 (Table 

1). Adjuvant chemotherapy regimens in our institution from 2004 onwards (after publication 

of the MOSAIC trial) consisted of a fluoropyrimidine combined with oxaliplatin;10 the most 

common regimens were either capecitabine and oxaliplatin or 5-fluorouracil, leucovorin and 

oxaliplatin according to the Folfox4 regimen. As a rule, patients not treated with systemic 

chemotherapy prior to CRS-HIPEC received post-CRS-HIPEC chemotherapy. However, 

16 patients did not receive any systemic chemotherapy. Ten of these could not receive 

chemotherapy due to major complications following CRS-HIPEC. Five patients demonstrated 
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Age (years) 

Mean (range) 56 (24-78)

Gender (male) 34 (47%)

Location primary tumour 
Colon 56 (77%)
Rectum 13 (18%)
Appendix 4 (5%)
Unknown 0

T-stage 
1 0 
2 1 (1%)
3 32 (44%)
4 39 (53%)
missing 1

N-stage 
0 0
1 43 (59%)
2 30 (41%)

Time between primary tumour and CRS-HIPEC (months) 
Median (range) 3 (0-12)

Abdominal region count (0-7)  
Mean (95% CI) 3.0 (2.6-3.5)
Max 5 regions 58 (80%)

Complete  cytoreductions 62 (87%)

Major complication (grade III-V) 23 (33%)
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recurrent or residual disease shortly after CRS-HIPEC, and received no further treatment or 

palliative chemotherapy in three cases. For one patient it was not known why post-CRS-

HIPEC systemic chemotherapy was withheld. 

Table 1. Chemotherapeutic treatment characteristics

Major complications and chemotherapy

Major post-CRS-HIPEC complications occurred in 22 patients. Two patients died in the 

immediate postoperative period due to cardiopulmonary complications; intra-abdominal 

complications (anastomotic leakage, intestinal perforation, intra-abdominal abscess, 

etc.) occurred in 11 patients, while six patients developed wound-related complications. 

Cardiopulmonary complications developed in 3 patients. 

The impact of major postoperative complications on the likelihood of receiving post-

CRS-HIPEC chemotherapy was assessed. Only 30% of patients who developed major 

postoperative complications received adjuvant chemotherapy, whereas 90% of patients 

without major complications received this treatment (P < 0.001).

Conversely, the impact of pre-CRS-HIPEC chemotherapy on the postoperative course was 

also investigated. Rates of major postoperative complications did not differ significantly 

among patients who had or had not received pre-operative chemotherapy (30% and 35%, 

respectively; P = 0.718).
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Timing of chemotherapy N (%)

None 16 (23%)

Prior to CRS-HIPEC 14 (20%)

After CRS-HIPEC 32 (45%)

Both before and after CRS-HIPEC 9 (13%)
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Survival analysis

Median follow-up time was 47 months (95% CI: 43 – 51 months); 45 patients (61.6%) were 

deceased at the time of analysis.

Survival data for patients who did or did not receive systemic chemotherapy are shown in 

Table 2. As shown in Figure 1, both PFS and OS were significantly better in patients who 

received systemic chemotherapy (P = 0.024 and P = 0.015). However, these associations 

were substantially attenuated when the occurrence of major complications was taken into 

account, whereas age and pre-operative performance status were not contributing factors.

Among the 54 patients who received systemic chemotherapy, no significant differences 

in survival could be found between the different timings of chemotherapy. In particular, 

as shown in Supplementary Table S2 and Figure 2, PFS and OS did not differ significantly 

in patients who were treated with pre-CRS-HIPEC chemotherapy as compared to patients 

who received only postoperative chemotherapy (P = 0.645 and P = 0.786, respectively). The 

administration of post-CRS-HIPEC chemotherapy was not significantly associated with either 

PFS or OS (P = 0.617 and P = 0.165, respectively; data not shown) when compared with 

chemotherapy only prior to CRS-HIPEC. Results regarding the timing of chemotherapy did 

not substantially change in analyses adjusting for major complications.

Figure 1. Overall (A) and progression-free (B) survival curves after CRS-HIPEC for patients treated with or 

without systemic chemotherapy
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Table S2. Survival outcome after CRS-HIPEC with and without pre-operative chemotherapy

a Exact log-rank test

 

Figure 2. Overall (A) and progression-free (B) survival curves after CRS-HIPEC for patients treated with pre-

operative and postoperative chemotherapy
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 Pre-CRS-HIPEC chemotherapy Only post-CRS-HIPEC chemotherapy P-valuea

 N = 23 N = 32
 

Progression-free survival   
(months)

Median (95% CI) 13 (8-18) 14 (13-15) 0.645
3-year (%) 14 30 

Overall survival (months)   
Median (95% CI) 27 (14-40) 24 (15-33) 0.786
3-year (%) 24 35 
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Patterns of recurrence

58 patients (82%) developed recurrence during follow-up. Intraperitoneal recurrence 

occurred in 31 patients, while 15 patients developed systemic disease. 11 patients developed 

both intraperitoneal and systemic recurrence. Information on the location of recurrence 

was missing in one patient. No significant differences in patterns of recurrence were found 

between patients who did or did not receive systemic chemotherapy (systemic recurrence in 

45% and 54%, respectively; P = 0.587); moreover, no significant differences in location of 

recurrence were found between different chemotherapeutic regimens. Patients treated with 

chemotherapy before CRS-HIPEC, after CRS-HIPEC and both developed systemic recurrences 

in 56%, 42% and 38% of cases, respectively (P = 0.721).

Discussion

In this study, we performed the first analysis of outcome after CRS-HIPEC in patients with 

peritoneal carcinomatosis from lymph node positive colorectal carcinoma. We show that the 

administration of systemic chemotherapy is associated with significantly increased long-term 

survival, although this association is attenuated by the occurrence of major postoperative 

complications; it is unclear whether withholding chemotherapy due to a complicated 

postoperative course is predictive for worse survival or whether the complication itself is 

associated with worse survival. A further analysis of patients receiving chemotherapy shows 

that there are no significant differences in survival associated with the different timings 

of systemic chemotherapy, irrespective of major complications; moreover, patterns of 

recurrence do not differ significantly between patients receiving chemotherapy prior to CRS-

HIPEC and those receiving it in an adjuvant setting.

Since the first reports of peritonectomy procedures for peritoneal surface malignancies, CRS-

HIPEC has proven to be a key treatment modality for colorectal peritoneal carcinomatosis. 

Significant improvements in survival rates have been achieved using this technique as 

compared to palliative systemic chemotherapy.5,8,9,13-15,23 Most CRS-HIPEC centers recommend 

systemic chemotherapy in either a neo-adjuvant or adjuvant setting relative to CRS-HIPEC; 

the only prospective, randomized controlled trial regarding CRS-HIPEC in the treatment of 

PC included adjuvant systemic chemotherapy.8,9 However, the relative contributions of the 

different components in current CRS-HIPEC protocols (systemic chemotherapy versus CRS-

HIPEC) are unclear. Moreover, insufficient evidence exists regarding the role and optimal 

timing of chemotherapy in relation to CRS-HIPEC; this has led to different centers adopting 
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different protocols concerning systemic chemotherapy in the framework of CRS-HIPEC.

Patients with a lymph node positive primary tumor and synchronous PC are expected to be 

at increased risk for both systemic and intraperitoneal failure. Therefore, in this population 

the timing of systemic chemotherapy relative to CRS-HIPEC is especially important. However, 

the question which potential pattern of failure should be treated first has been insufficiently 

addressed in the available literature.

The data presented indicate that systemic chemotherapy is an important component of 

the overall treatment of patients undergoing CRS-HIPEC for synchronous PC from node 

positive colorectal cancer, as expected based on prior studies of node positive tumors.10-12 

However, the specific timing of this chemotherapy (before or after CRS-HIPEC) seems not 

to significantly affect survival outcomes. Therefore, decisions concerning the optimal timing 

of chemotherapy should be made on the basis of its potential impact on the postoperative 

course after CRS-HIPEC. Furthermore, we show here that systemic chemotherapy prior to 

CRS-HIPEC does not lead to more postoperative complications compared to other situations, 

whereas the occurrence of such complications significantly decreases the likelihood of 

receiving adjuvant chemotherapy. Moreover, it could be hypothesized that the systemic 

release of growth factors and cytokines in the postoperative phase may in fact lead to 

stimulation of circulating tumor cells, in which case the value of postoperative chemotherapy 

may be diminished.24-26 Thus, administration of at least half of the total number of cycles 

prior to CRS-HIPEC would seem the most likely course to ensure that the maximum number 

of patients receives adequate chemotherapy, without developing significant chemotherapy-

associated toxicity in the pre-operative period. This protocol follows the concept of 

perioperative systemic chemotherapy in the management of metastatic disease as described 

in the case of colorectal liver metastases.27,28 An exception to this would be those patients 

with acute abdominal complaints, particularly obstructive symptoms, as this group may not 

be able to endure chemotherapy and may benefit more from prompt surgical intervention; 

these patients should receive chemotherapy after recovering sufficiently from CRS-

HIPEC. Supplementary Figure S2 summarizes our proposed strategy concerning systemic 

chemotherapy and CRS-HIPEC.
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Supplementary figure 2

Figure S2. Algorithm for the treatment of patients with synchronous peritoneal carcinomatosis from lymph 

node positive primary colorectal carcinoma

A potential drawback of this strategy is the delay to surgery caused by the administration 

of systemic chemotherapy; during this time period, intraperitoneal disease progression may 

occur, as systemic chemotherapy has limited effects on peritoneal tumor load. However, 

long-term survival has not been shown to be impacted by such progression.29 

A further possible concern is the possible regression of macroscopically visible peritoneal 

lesions, which could increase the risk of incomplete resections. However, we show that this 

potential risk is not detrimental to long-term survival after CRS-HIPEC in patients treated 

with pre-operative chemotherapy.

This study is limited by its relatively small patient population and its retrospective nature. 

This limitation can only be addressed by performing a prospective, randomized controlled 

trial to study the effects of different chemotherapeutic timings on survival after CRS-HIPEC. 

However, we feel that, as the data reflect current clinical practice, any variability is probably 

evenly distributed amongst the different subsets of patients. 

In conclusion, we present here data concerning the role and timing of systemic chemotherapy 

in patients treated with CRS-HIPEC for PC of a node positive primary colorectal tumor. 

We demonstrate that long-term survival in these patients is significantly associated with 

administration of systemic therapy, although the presence of major complications prohibits 

administration of chemotherapy in many patients. In contrast, the timing of chemotherapy 

relative to CRS-HIPEC does not affect survival. As postoperative complications prevent 

administration of chemotherapy in a relatively large proportion of patients, we present a 

clinical algorithm which recommends systemic chemotherapy prior to CRS-HIPEC in most 

patients.
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Abstract

Primary organoid cultures derived from patients’ tumors hold promise as an advanced 

model for the improvement of cancer therapy. For this, organoid cultures should accurately 

represent primary tumors with respect to their morphological and genomic characteristics. 

We have implemented a 3D organoid-culturing platform for primary and metastatic colorectal 

carcinoma derived from human tumor tissues. Surgical specimens of primary and metastatic 

colorectal carcinoma were used to derive the primary tissue for culturing. 3D cultures were 

established based on the protocol by Sato et al.1 and adjusted for human colorectal cancer 

cells. Phenotypic comparison of primary tissue and organoids using general and differentially 

expressed colorectal cancer markers indicated a high degree of similarity between the 3D 

cultures and original patient tissues. Comparison of copy number variation using either low-

resolution whole genome sequencing or exome sequencing of the human kinome showed 

identical alterations between tumors and the derived organoids. Although novel somatic 

mutations were identified in the organoid cultures, the majority was present in non-coding 

regions. We did not observe the acquisition of specific mutations upon establishment of the 

organoid cultures. Importantly, comparison of the genomic alterations in short and long term 

growth of two independent organoid cultures indicated the preservation of the genomic 

alterations with very few additional mutations. Gene-expression analysis of primary tumors 

and their organoid cultures indicated that the 3D culture conditions induce a transcriptional 

profile that distinguishes organoids from primary tumors. However, principal component 

analysis shows that in the absence of the 3D specific profile, tumors and organoids cluster 

in patient-specific pairs. Taken together this study shows that organoid cultures preserve the 

genomic characteristics of the primary tumors and maintain these upon prolonged culturing. 

The differences in gene-expression patterns between organoids and primary tissue indicates 

that the growth under 3D conditions could affect drug response of organoids compared to 

patients’ tumors. 
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Introduction

Colorectal cancer is the third leading cause of cancer-related death in males and females 

in developed countries, responsible for 9% of all cancer death. Although the treatment 

of colorectal cancer has undergone substantial improvements in the last decades in terms 

of screening, surgical management and (adjuvant) chemotherapy, 5-year survival rate for 

all patients has only improved from 51% to 65% during the last 30 years.1, 2 Colorectal 

cancer is a heterogeneous disease, which makes development of new therapies complex.3 

For example, the response to inhibition of EGFR signaling is only effective if other molecular 

alterations are absent in the patient’s tumor, such as KRAS mutations. To improve treatment 

strategies it is important to gain knowledge of the specific molecular changes present in 

each patient specific tumor and to understand their consequences for therapy. Studying 

biological samples from each individual patient provides crucial information to further 

expose the characteristics of individual tumors.4 

For analysis of individual tumor characteristics, usually, frozen or fixed samples are used. 

However, these samples represent a static situation of cells at the time point when they were 

obtained. Measuring response of these cells to perturbation, including chemo- and targeted-

therapy, is impossible. For determination of pathway activation and inhibition, viable and 

preferably cycling cells are required; for these assays generally cell lines are used. It is known 

that cell lines have lost several characteristics of original tumors during culture establishment 

and passage.5, 6, 7 Direct comparison of in vitro assays to clinical outcome, requires a more 

comparable culture system. Primary cultures that retain the characteristics of the individual 

patients’ tumor could therefore be of great benefit. However, culture of tumor cells from 

primary cancers has been a major challenge, with a low success rate, limited representation 

of the primary tumor, and leading to results difficult to reproduce. 

In 2011 Sato et al. introduced a culture method for primary colorectal tissue. This method is 

based on a three-dimensional (3D) culture assay using a basement-membrane like matrix.8 

In this 3D-environment, colon cells form organized 3D structures called ‘organoids’. With 

stimulation of the Wnt-pathway colon crypts, colon adenoma, and colon carcinoma were 

successfully cultured. However, evidence is still lacking how similar these cultures are to their 

original tumor with respect to their genomic and gene-expression characteristics. . 
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Here, we report the validation of a 3D-culture method for primary colorectal cancer cells. 

We observed that organoids derived from patient tissue have similar immunohistochemical 

staining patterns for several colorectal cancer markers. By genomic analysis we found a 

close correspondence of gene mutations between the organoids and tissues with organoids 

retaining important driver mutations; such as KRAS and PI3KCA. This study shows that 

organoid cultures are representative of primary tumors and retain these characteristics 

upon long-term culturing. Patient-derived organoids therefore represent a patient specific 

platform for discovery and validation of personalized therapy.
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Methods

Organoid establishment and maintenance

All patients signed informed consent for this study. Tumor pieces were collected at the 

pathology department of our institution within 30 minutes after tumor resection. Tumors 

were washed several times with culture medium supplemented with PrimocinTM (Invivogen, 

ant-pm-1, 100ug/ml). They were cut in pieces of max. 5 mm and were incubated with culture 

medium supplemented with collagenase (Sigma, C5138-1G) and dispase (Life Technologies 

17105-041) for 1 hour at 37oC while rocking. Hereafter, the cell suspension was put through 

a 70 um cell strainer and spun down at 1200 rpm for 3 minutes. Cell were washed one 

more time and spun down. The supernatant was suctioned off and the cell pellet was mixed 

with the appropriate amount of BD MatrigelTM Matrix Phenol Red-free(BD 356237) and was 

dispersed in a 24-well plate with a density of 5x105 cells and overlaid with supplemented 

culture medium (supplementary table 1). Medium was changed every 3 days. Every two 

weeks the cultures were dissociated with TrypLETM Express (Live Technologies, 12604013) 

and hereafter seeded with a density of 1.105 cells/well in a 24 well plate. Organoids could 

be frozen in DMSO with 10% FCS slowly overnight in a -80oC freezer. For recovery, the 

frozen organoids were rapidly thawed in a 37oC waterbath and then put in supplemented 

medium (with Y-inhibitor) for 30 minutes, then spun down, pelleted, embedded in Matrigel 

and culture started with conditions described above.

Xenograft model

Organoids were cultured according to the methods described above. After 7 days we 

isolated the organoid from the Matrigel injected them within a drop of Matrigel in the 

flank of the mouse (NSG mouse, NOD-SCID-common gamma chain deficient). After 8 

weeks the mouse was sacrificed and the tumor was restored from the mouse and fixed for 

immunohistochemistry. 

All animal experiments were in accordance with institutional and national guidelines and 

approved by the Experimental Animal Committee of the The Netherlands Cancer Institute 

(DEC 12025-3030).
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Immunohistochemistry and image analysis

The images of organoids were taken by either confocal microscopy with a Leica SP5, a 

PhaseContrast microscope Zeiss AxioObserver-Z1, or for colour images, Zeiss Axiovert 

S 100 inverted microscope. For immunohistochemistry, samples were fixed with 4% 

paraformaldehyde for 1 hour at room temperature and paraffin sections were processed 

with standard techniques. Immunohistochemistry was performed using the following 

primary antibodies: anti-CDX 2, anti-Keratin 20, anti-B-catenin, anti-p53, anti-chromogranin 

A, anti-synaptophysin and anti-vimentin. The secondary antibodies were peroxidase-

conjugated antibodies against mouse and rabbit. Staining was performed with a BenchMark 

Ultra autostainer (Ventana Medical Systems). To detect the antibody we used the UltraView 

Universal DAB Detection Kit (Ventana Medical Systems). All slides were counterstained with 

haematoxyilin. Image analysis was performed using Image J (Rasband, W.S., ImageJ, U. S. 

National Institutes of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/).

Genetic analysis

Resected tissue was fresh frozen on liquid nitrogen and stored at -80oC. For DNA analysis of 

tissue and organoids, DNA was extracted by the DNeasy Blood & Tissue kit (Qiagen, 69504). 

For copy number variation of organoids and tissues of P1-3 low-coverage whole genome 

sequencing was performed by paired-end sequencing (2x300bp) on MiSeq sequencer 

(Illumina). Reads were aligned to the human genomen (hg19) using the BWA backtrack 

algorithm and counted in 20kb non-overlapping bins.9 The bin counts were corrected for 

guanine-cytosine (GC) bias using a loess fit. The mappability value of each bin is precomputed 

by summarizing the alignment results of all possible 51-mers from the reference sequence. A 

linear model intercepting 0 was used to fit the loess-corrected count data to the mappability 

values. The slope of this fit, multiplied with the mappability value for each bin, provides 

the bin’s reference value that is used to calculate the final log2 copy number ratios. Bins 

overlapping ENCODE blacklisted regions and bins with a mappability <0.2 were excluded 

from the final dataset.10 Data were exported to Nexus version 6.0 (Biodiscovery, El Segundo)

DNA libraries for the kinome capture and 178 gene set analysis were generated from 1 μg of 

genomic DNA using standard protocols (Illumina). Target enrichment was performed using 

Agilent SureSelect XT. The libraries were sequenced with paired-end 51-base runs using 
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Illumina HiSeq 2000 sequencers (Illumina, SY-401-1001). Sequence reads were aligned with 

human reference genome Hg19 using BWA-MEM resulting in sample-specific BAM files.11 

Files of the 178 gene set and kinome capture were merged. To extract copy number variations 

for P4-9, BAM files were analyzed using off-target sequencing analysis by CopywriteR.12 

Single nucleotide variants (SNVs) were called using the Genome Analysis Toolkit (GATK) 

v3.1 HaplotypeCaller.13 Candidate somatic SNVs were further filtered using the following 

criteria: minimal SNV quality score of 200; a minimal genotype quality score of 40; no 

overlap with single nucleotide polymorphisms (SNPs) in the Single Nucleotide Polymorphism 

Database (dbSNP build 138); and no overlap with SNVs in the majority of the other tested 

individuals. We separately compared the SNV’s to the COSMIC database for known cancer 

genes. We performed hierarchical clustering to analyse the differences between the different 

organoid and tissue samples. Analysis of gained mutations in organoids compared to the 

tumor tissue was based on a shift in genotype from 0/0 to 0/1, 1/1 or 0/2. Found mutations 

were checked in IGV (v2.3, Broad Institute) by hand. 

RNA of organoids and tissues was isolated using Trizol. Quantification and quality assessment 

for RNA were performed with a Bioanalyzer (Agilent, Santa Clara, CA, USA). Gene expression 

analysis was performed by RNA-seq. Sequencing libraries were constructed from frozen 

tissue with a TruSeq mRNA Library Preparation Kit using poly-A-enriched RNA (Illumina, San 

Diego,

CA, USA). Organoid libraries were prepared with an unstranded protocol, where tissue 

libraries were prepared using a stranded protocol. The libraries were sequenced with single 

read sequencing (51 bp) with genomic DNA Illumina sequence primer on Illumina HiSeq 

2000 sequencers. Indexing according to standard Illumina method was performed. The 

reads are aligned to the human reference genome (build 37) using Tophat (version 2.0.12).14 

Tophat was supplied with a known set of gene models using a GTF file (Ensembl version 

75). The aligned reads were used as an input for HTSeq-count in order to determine gene 

expression.15 HTSeq-count was used in union mode. Data from gene-expression analysis 

were used for hierarchical clustering and principal component analysis was performed using 

R/Bioconductor functions on upper-quartile normalized RNAseq data. 
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Results

Organoids are routinely grown from patient’s tumors from different sites of the 

colon and rectum. 

For pre-clinical research purposes such as discovery of new biomarkers, it is important to have 

a high number of tumor specimens. If organoid cultures could be used to gain information 

of individual tumors, it is important that they can be grown routinely and from different sites 

of the colon. Therefore, a standardized method should be in place that has a high success 

rate. We applied the method for primary colorectal 3D cultures in Matrigel described by Sato 

et al. for the growth of patient cancer derived organoids from surgical specimens. Following 

this method, we embedded enzymatically digested and strained tumor tissue in Matrigel 

overlaid with culture medium. Medium was changed 2-3 times per week. After 2-3 weeks of 

growth, organoids were passaged by dissolving the Matrigel with TryplExpress and reseeding 

of small groups of cells in Matrigel. Within 4 days a small organoids formed and after two 

weeks organoids generally had a 3 times larger diameter than on day 4. (Fig. 1)

Figure 1A Organoid growth 

Figure 1B Growth curve (mean + SEM)

Figure 1

A: phase-contrast imaging of growing 

organoid from day 2 to day 17 shows 

increase of size and formation of the 

morphology of the organoid. 

B: diameter of 3 different organoids of 

patient 9 were measured between 2 

and 17 days of culture. Bars show 95% 

confident interval.

 Validation of 3D primary organoids of colorectal carcinoma  |  131

7

organoid of P9

day 2 day 4 day 9 day 13 day 17

0 5 10 15 20
100

200

300

400

500

days in culture

%
 m

ax
 d

ia
m

et
er

Proefschrift Anke.indd   131 04-08-15   16:26



In total 67 patients were included, 58% men and 42% women, with a median age of 

64 years old, of which 74 tumors were cultured. For 56 tumors (76%) we managed to 

maintain a viable culture for at least 1 week, however in a small fraction cultures were 

terminated due to infection (15 samples). The tumor specimens that did not form organoids, 

generally had low cell numbers after digestion with collagenase/dispase enzyme mix. Often 

these tumors were of a mucinous type or very necrotic. After several attempts to culture 

pre-irradiated tumors, it appeared that the chance of a successful culture of these tumors 

was very low; therefore, the tumors from patients with preoperative radiotherapy were not 

further selected for organoid culture. Consequently, rectal carcinoma is poorly represented 

in our dataset, but we were able to culture primary tumors from different sites of the colon 

(n=42) and also metastasis (n=32) in the abdomen or in the liver. (Table 1) 

Table 1 Patient and tumour characteristics
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 n %

Patients 66 100
Tumors 74 100
Age (median, range) 64 (37-84) 
Gender

Male  38 58 
Female 28 42 

Tumor stage
I 6 9
II 9 14
III 13 20
IV 37 52
missing 1 2

Primary tumor 42 58
Right colon 12 16
Transverse colon 4 5
Left colon 6 8
Sigmoid 17 23
Rectum 2 3
Other 1 1

Metastasis 32 43
Liver 7 9
Peritoneal 22 30
Other 3 4

Neo-adjuvant treatment
CTx 14 21
RTx 3 5

Success
No 18 24
Yes 56 76
Infection 15 20
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Three patients had metastasis in other locations than peritoneal or the liver; 1 patient had 

a retroperitoneal mass and 2 patients had a metastasis in the abdominal wall. In 21% of 

the cases patients received neo-adjuvant chemotherapy. Only if patients did not have a 

radiological complete or nearly complete response, patients were included in the study. For 

in-depth validation of the culture system the phenotype and genotype of a panel of 9 tissue-

organoid pairs, P1-9, was studied more closely. Patient and tumor details of these pairs are 

shown in table 2.

Table 2 Patient and tumour characteristics of organoids included for genomic analysis

 The phenotypic characteristics of the original tissue were preserved in the 

organoid cultures. 

In pathological assessment of tumor resection material, the histology and several 

immunohistochemical markers were used to confirm colorectal cancer diagnosis. 

Hemotoxylin and eosin (HE) stains showed that the 3D organoids resemble well to moderately 

differentiated adenocarcinoma of the colon, similar to the paired tissues. General expressed 

intestinal epithelial markers CDX2 and Keratin 20 (CK20) were expressed in all organoids, 

confirming the intestinal type adenocarcinoma. The expression of CDX2 decreases with 

tumor stage and can be lost in poorly differentiated carcinoma, but was present in the 

organoids, confirming the well to moderate differentiation of the tumors.16 17  CK20 is 

mostly used to distinguish extra-intestinal localizations of colorectal cancer from other 

adenocarcinomas.18 Here we found that the metastasis of patient P6 was indeed of intestinal 

origin. We also stained for synaptophysin and chromogranin A to detect neuroendrocrine 

cells. As expected, all organoids were negative for these stains, however the organoid of 

patient 4 showed staining in few organoids (Fig. 2A). Differentially expressed ß-catenin and 
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 Sex Age Primary/ Site of origin Histology TNM Onco Kinome Copy Gene IHC
   metastasis  (Differentiation   carta capture number expres-
     grade)    variation sion 

P1 M 65 Primary Right colon Moderately pT3N1M1 BRAF   Yes  
P2 M 51 Metastasis Liver  pT3N0M1   Yes  
P3 M 80 Primary Right colon Moderately pT3N2M1   Yes  
P4 M 69 Primary Sigmoid Moderately pT3N2M1  Yes Yes Yes Yes
P5 F 74 Metastasis Liver  pT3N1M1  Yes Yes  
P6 M 66 Metastasis Abdominal wall  pT4N2M1 MSS Yes Yes Yes Yes
P7 M 72 Primary Left colon Moderately pT2N0Mx MSS Yes Yes Yes Yes
P8 F 60 Primary Coecal region Moderately pT2N0Mx  Yes Yes Yes Yes
P9 F 67 Primary Sigmoid Moderately pT2N0Mx  Yes Yes Yes Yes
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p53 were also stained and matched for organoid-tissue pairs for P4 and P6-9 (Fig. 2B) All 

organoid tissue pairs expressed ß-catenin predominantly at the membrane. The organoid 

tissue pairs of patient 4 and 7 showed a higher expression combined with cytoplasmic 

localization of ß-catenin in both tissue and organoids. The majority of the tissues and paired 

organoids had at a COSMIC mutation in APC, found by exome sequencing, which can cause 

an increase in the expression of ß-catenin. Cytoplasmic localization of ß-catenin was found 

in P4 and 7, which appeared to have the same APC mutation (c.835-8A>G, Table 3). 

Table 3 COSMIC mutations in organoids

Further specification of p.? indications: aAPC: c.835-8A>G bCDKN2A: c.471+29G>C, p.? - COSM14251; 

cEPHA5: c.1528-10G>A, p.? - COSM149681; dMLH1: c.790+10A>G, p.? - COSM25918; ePDGFRB:  

c.3137+4A>G, p.? - COSM149994; fRB1: c.2664-10T>A, p.? - COSM147687; gTGFBR2: c.455-4T>A, p.? - 

COSM149346
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 Gene O4 O5 O6 O7 O8 O9

 ALK p.K1491R p.K1491R    p.K1491R
 APCa p.?  p.Q1338* p.? p.V1414fs*1
  c.835-8A>G   c.835-8A>G
 ATM    p.D1853N  
 ATR p.M211T  p.M211T p.R2425Q p.R2425Q p.M211T
     p.M211T p.M211T 
 BRCA1 p.K1183R p.K1183R  p.K1183R p.K1183R p.K1183R
  p.P871L p.P871L  p.P871L p.P871L p.P871L
  p.S694S p.S694S  p.S694S p.S694S p.S694S
 BRCA2    p.N372H  
 CDKN2Ab p.? p.? p.? p.? p.? p.?
 CSF1R   p.G413S   
 EPHA5c  p.?    p.?
 FGFR4 pG388R   p.G388R p.G388R 
 FLT4 p.H890Q p.H890Q p.H890Q p.H890Q p.H890Q p.H890Q
 IDH1   p.V178I   
 JAK3      p.V722I
 KDR  p.V297I    p.Q472H
   p.Q472H    
 KIT  p.M541L    
 KRAS   p.G12D  p.G12D 
 MAP2K3  p.L219W    
 MLH1d p.I219V   p.I219V p.I219V p.I219V
 PDGFRBe p.?  p.? p.? p.? p.?
 PI3KCA p.I391M  p.I391M p.E545K p.N345K 
 RB1f  p.? p.? p.?  
 ROS1    p.S2229C  p.S2229C
     p.K2228Q  p.K2228Q
     p.D2213N  p.D2213N
 TGFBR2g p.? p.?    
 TP53 p.P278T p.R273H p.R248W p.C277*  p.R196*
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Figure 2A Immunohistochemistry of CRC markers in organoids

Figure 2B p53 and beta catenin expression in tumors and organoids

Figure 2

A: immunohistochemic staining of colorectal cancer markers of organoids derived from patient 4. 

B: correlation of mutation status of TP53 and APC and the immunohistochemical staining of p53 and 

ß-catenin in organoid samples of P4, P6-P9.

This mutation results in a 7-base-insertion, causing a frame shift and premature termination 

codon.19 Immunohistochemical staining of p53 is a simple and cheap method to assess 

the functional status, but results are often discordant with gene mutation analysis. Some 

mutations in p53 result in a lack of p53 staining, while most mutations lead to homogenously 

nuclear p53 staining. The majority of the tissues that have a heterogeneous pattern of p53 

do not have a TP53 mutation.20 In our set of samples three organoid-tissue pairs, P7-9, 
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stained negative for p53. P8 was p53 wild-type in both the organoid and the tissue. P7 and 

P9 both had mutations in TP53 that incorporated a stop codon. The organoids of P4 and P6 

were positive for p53 and both contained mutations in the gene in consecutive codons. In 

the tissue of P4 the mutation was not detected, but in the organoid of P4 it was detected, 

though more or less homogenous staining was present in both. Whether this is due to clonal 

selection because of the transition into an in vitro environment, or due to the presence of a 

heterogeneous population of p53 wild-type and mutants in the tissue, cannot be addressed 

with this analysis. This finding of potential discordance between mutation status of this 

organoid-tissue pair incited more extensive genomic comparisons.

Low coverage deep sequencing revealed similar copy number variation patterns 

of organoid-tissue pairs. 

We next investigated copy number variation between organoids and original tissues. With low 

coverage whole genome sequencing, amplifications or deletions of parts of chromosomes 

could be detected. We investigated three organoid-tissue pairs, P1-3 and the whole copy 

number pattern is presented in figure 3A. In P1 and P2 loss of a region on 8p was found 

in both the tissues and the organoids, which has been shown to be a frequent event in 

colorectal cancer. 21, 22  Amplifications of chromosome 13 were found in P1 and P2 in the 

tissues and corresponding organoid cultures, which is amplified particularly in colorectal 

cancer and contains the CDX2 gene.23 In P2, of whom a liver metastasis was analyzed, 

amplification of chromosome 20q is seen in the organoid-tissue pair, which has been shown 

to be frequently present in liver metastases.24 In general, organoid and tissue pairs had 

an identical copy number pattern. The larger differences in the extent of amplification or 

deletion in organoids versus tissue can be explained by the presence of normal cells and/or 

stromal cells in the tissue samples. Although P3 has some localized gains and losses, P1 and 

P2 showed more chromosomal instability than P3. This could indicate the difference between 

tumors characterized by chromosomal instability or mismatch repair deficiency. From these 

initial analyses, we conclude that copy number variation at the gross chromosomal levels is 

preserved between the tissue and the organoids derived thereof. 
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Figure 3A Copy number variation analysis of tumor and organoids of P1-3

High coverage kinome capture shows a high degree of agreement of copy 

number variation and gene mutations status in organoid-tissue pairs. 

By data analysis based on off-target sequence reads we made copy number profiles of the 

organoids and matched tissues of P4 –P9, extracted out of off-target sequence data of a 

kinome capture.12 We first studied the similarity between the short-term and long-term 

cultures. We did not find chromosomal aberrations between the short-term cultures and 

long-term cultures of P4 and P6 (Fig. 3B).  Expansion of the organoids did not seem to have 

an effect on copy number variation. We then looked further into the comparison of the 

organoids to their parental tissue. For organoid P6 we found no gross differences, but for 

P4 we found a distinct different overall shape. It seemed that in the sample used for tissue 

reference of P4 almost none chromosomal aberrations were found. Some small increases 

and decreases from baseline were detected, such as a higher copy number signal of the first 

region of chromosome 7, which was duplicated in the organoids from P4. Several hypotheses 

can be made, but it is most likely that the tissue we used for genomic comparison was not 

representative of the original tumor and mostly contained normal tissue. In Figure 3C the 

copy number analysis of P5, P7, P8 and P9 is shown. Generally the copy number pattern 

was very similar. In P8 we see a similar phenomena is discussed for P4, also suggesting 

a significant contamination of the tissue with non-tumorous cells. In figure 3D we show 

the copy number data of encoder together with the allele frequency plot of chromosome 

20 of P8. In this figure we show a close up of a DNA copy number difference between 

tissue and organoid. In the organoid a loss of the first part and a gain of the last part of 

chromosome 20 is found. This variation was not found in the tissue although there are small 
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changes in copy number already observed. In the allele frequency plot it is clear that in the 

organoid no data points can be found between 0.3 and 0.7 frequency in contrast to the 

tissue. From these analyses we conclude that chromosome copy number characteristics are 

maintained upon establishment of the organoid cultures from tumor tissue. Although we do 

observe differences, these are either small or most likely due to the inability to exclude the 

contribution of normal tissue in the resected material.

Figure 3B Copy number variation analysis of P4 and P6

- including short-term organoid cultures and long-term organoid cultures 

Figure 3

A: copy number variation analysis on low-coverage deep sequencing data of P1-3 B: copy number variation 

analysis by off-target analysis of kinome capture data of P4 and P6 with short-term cultures and long-term 

cultures C: copy number variation analysis by off-target analysis of kinome capture data of P5, P7-9 D:close 

up of chromosome 7 of P8, log2 ratio of copy number data combined with allele frequency
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Figure 3C Copy number variation analysis of P5 and P7-9

Figure 3D CNV close up

P8, chromosome 20
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High coverage kinome capture shows a high degree of agreement of gene mutations status 

in organoid-tissue pairs. To assess the level of similarity between the tissue-organoid pairs 

the organoids and tissues were used for kinome sequencing. . (Fig. 4a) In total 14 samples 

were included; 6 tissues, 6 organoids cultured for 4-6 weeks and 2 organoids cultured for 

3-4 months. A total amount of 3.6 Mb was sequenced (0.1% the total genome). Data 

was filtered for three parameters. First mutations that were registered in the dbSNP and 

1000gene database were filtered out. Hereafter, mutations that were found in more than 

6 out of 14 samples were excluded. Both these measures were applied to filter out SNPs as 

much as possible, to focus on the mutations that have a high probability of being somatic 

mutations. Also, a general filter of a read count of minimal 10 reads was applied to minimize 

technical errors. The filtered data was used for a hierarchical clustering analysis and it was 

found that all organoids and original tissues clustered together (Fig. 4a). We also included a 

second time point for two organoids, to assess the stability of the cultures over time. These 

long-term cultured organoids cluster with the shorter-term cultures for both organoids. 

Although the overall similarity between the tissue and derived organoids is high, we did 

observe differences between the tissues and organoids. 

We investigated if the organoids gained single nucleotide changes compared to their parental 

tissue. We applied a SNP qual >200 filter and only included mutations with GQ>40, since we 

selected the changes based on their genotype call. We checked the mutations with IGV to 

confirm an actual event. We found only few new mutations in the organoids compared to 

the tissue and most in non-coding regions (table 4A, fig. 4B). The tumor-organoid pairs that 

contained the most changes were P4 and P8. In the organoid of P4 we found 21 additional 

mutations, of which 8 were in coding regions. For P8 we found 17 additional mutations, 

of which 4 were coding. With the filters we applied, these variants can be called with high 

confidence. In table 4 it can be seen that for most mutations gained in the organoid, variant 

reads are already present, albeit at very low numbers, in the corresponding tissue. For three 

novel mutations in organoid 4, no variant reads were found in the tissue: one mutation in 

MTOR and two mutations in SMAD4.

Importantly, we observed very few differences between the long-term cultures compared to 

the short-term cultures. In the organoids of P4 we found 14 novel nucleotide variants, of 

which 2 were coding: NRK and TOP2A. In the organoids of P6 we found 10 differences, of 

which none was in a coding region. 

Taken together, we conclude that the organoids are genetically stable and acquire few 

mutations upon establishing the organoid culture from tumor tissue. 
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Table 4A Gained single nucleotide variants in organoids compared to tissue

*combined kinome capture and 178 gene set (filter SNV quality >200 and GQ>20)

Table 4B Gained mutations upon long-term culturing
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 Tissue- Total single Coding  Gene Nucleotide Allele Allele Consequence
 organoid nucleotide  name change frequency frequency 
 pair changes    tissue organoid
  
 4 (9vs1) 21 8 TP53 G-T 29,1 0,33 Missense : P278T 
    MTOR C-T 60,0 51,18 Missense : G879D
    EPHA2 C-T 38,1 22,5 Missense : R175H
    TEX14 C-CA 31,1 20,10 Insertion- frame shift
    SMAD4 T-A 138,0 12,35 Missense : F362L
    SMAD4 TT-AA 130,0 12,33 Missense : L364K
    KIT G-A 169,3 61,63 Mutation in start codon
 5(10vs3) 6 0
 6(11vs4) 2 0  
 7(12vs6) 16 0
 8(13vs7) 17 4 APC GAT-G 216,10 128,88 Deletion – frame shift 
    APC TG-T 186,11 85,97 Deletion – frame shift
    ANKK1 G-A 26,2 14,12 Missense : A687T
    LATS2 T-A 116,6 55,71 Missense : M64L
 9(14vs8) 5 2 TTN T-G 133,1 125,21 Missense : E3799D
    MAP3K9 C-T 49,1 43,17 Missense : R676H

 Tissue- Total single Coding  Gene Nucleotide Allele Allele Consequence
 organoid nucleotide  name change frequency frequency 
 pair changes    Tp 1 Tp 2

 4 14 2 NRK C-T 59,0 57,13 Missense R729C
 6 10 0 TOP2A G-A 107,3 108,31 Missense S1483L
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Figure 4C Gain of mutations in long-term cultures

Gene expression analysis shows that 3D culture conditions create a shift in gene 

expression.

The 3D growth of organoids derived from patient’s tumors requires a specialized 

environment, including a basement membrane substitute, and several medium additives 

(supplementary table 1). It is therefore anticipated that this will affect gene-expression 

characteristics compared to the corresponding tumor tissue. To address these differences, we 

performed RNAseq analysis on tissue, organoid and normal tissue pairs and used the results 

for hierarchical clustering. As can be seen in fig. 5A, normal-, tumor-tissue and organoids 

cluster in distinct groups. From this result we conclude that the 3D culture conditions induce 

a significant change in gene-expression that is shared among the organoids separating them 

from their tissue counterparts. Based on this result we argued that by removing the set of 

genes that segregated organoids from tissue, we could potentially identify a set of genes 

that is concordant among the tissue-organoid pairs. To explore this possibility we performed 

principal component analysis on the RNAseq results of the tissue-organoid pairs 87, 93, 96-II 

and 99. As can be seen in fig. 5B, the first principal component differentiates between tissue 

and organoids, but the 2nd and 3rd principal components indeed define tissue-organoid pairs. 

From these analyses we conclude that similarity in gene-expression exists between organoids 

and the tissues that they are derived of but that the effects of the 3D culture conditions are 

creating a large, dominant, shift in gene expression. This observation poses the question for 

the analyses of drug response of organoids compared to patients’ tumors. The addition of 

several inhibitors of important biological pathways (including TGFbeta, p38MAPK and Rock 

inhibitors) could strongly affect their response to drug treatment. 
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Figure 5A: Hierarchical clustering of RNAseq data

Figure 5B: PCA plot of normalized RNA seq data
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Organoids show tumor initiating potential in a xenograft model in which the 

histology of the original tumor is contained.

Xenografts have several benefits compared to in vitro cultures. Tumors cells as xenografts 

grow in a ‘normal’ in vivo environment supplied with blood and tissue factors, in contrast 

to manually added factors in tissue culture medium. As consequence, the effects of drug 

treatments of xenograft models would be a superior pre-clinical model system for drug 

testing. However, xenograft experiments in combination with drug testing are difficult to 

scale up to large numbers and novel compounds have to be optimized for in vivo use. 

The development of the organoid models for colorectal carcinoma could potentially also 

accurately reflect the response of individual patients’ tumor to different drug treatments. To 

substantiate the usability of organoids as substitute for xenografts it is crucial to compare 

the responses of either model for the same tumor i.e. individual patient. We therefore 

explored the generation of a xenograft model from tumor-derived organoids. We have 

taken organoids that were cultured for long-term (>3 months) and used a NSG (NOD-SCID-

common gamma chain deficient) mouse model to inject a pellet of organoids in the flank 

of the mouse. After about 1 month, a palpable tumor was formed and it was resected after 

two months. Immunohistochemistry of the organoids, the original tissue and the xenograft 

showed a similar growth pattern and similar differentiation of the tumor. (Fig. 6) Although 

we have not performed extensive (genetic) characterization of the xenograft versus the 

organoid, we believe that the preservation of the growth and differentiation characteristics 

indicates that these models are comparable and can be used to address the similarity for 

drug response in the different settings. 

Figure 6 Microscopy of organoid xenograft

A B C

D E F

Figure 6 Xenograft of 

organoid of P4. A: HE 

staining on the original tumor 

of the patient. B: HE staining 

of organoids derived from 

the same patient. C: Higher 

magnification of organoids. 

D: A visible tumora mass has 

formed in the flank of the PID 

mouse. E: HE staining of the 

xenograft tumor. F: Higher 

magnifiction.
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Discussion

In this study we have explored primary organoid cultures derived from patient’s tumor tissue 

as advanced model system representative of primary tumors. By using the method developed 

by Sato et al. we have established organoids from resection tumor tissue with high efficiency 

(>75%).8 We were able to grow organoid cultures from different sites of the colon as well as 

abdominal and liver metastatic sites. However, the growth of organoids from patients pre-

treated with radiation was unsuccessful. Indeed, the number and viability of cells isolated 

from the tumor tissue strongly affected the ability to establish organoids. The analysis 

of the intestinal epithelial markers CDX2 and Keratin 20 confirmed the intestinal type 

adenocarcinoma and this characteristic was maintained upon the generation of organoid 

cultures. This was also true for ß-catenin and TP53 staining in tissue and organoids, and 

levels correlated with mutations known to affect their protein levels and frequently found 

in CRC, such as APC. 

The genomic characterization of tissue and organoid pairs revealed that organoids are highly 

representative of their tumors and upon establishment acquire a very small number of novel 

mutations, mostly in non-coding regions. In addition, we did not observe any significant 

changes in chromosomal copy numbers in organoids versus primary tumors. Although, 

these analyses indicate that organoids are a true representation of the primary tumor, it is 

also surprising that the intrinsic genomic instability associated with colorectal cancers does 

not result in the further accumulation of large numbers of additional mutations. In part this 

could be the explained by the absence of selective pressure in the optimized culture system 

for organoids or as result of the limited number of cell divisions that cells undergo during 

the in vitro culture compared to the growth “in vivo” in patients. Importantly, the ability to 

establish and grow primary tumor derived colorectal cancer cells without the induction of 

molecular or genetic alterations enables the detailed analysis of molecular pathways, cellular 

biology and drug responses for individual patients’ tumors. 

A potential complicating factor in the interpretation of responses of organoids to therapeutic 

treatment might be the influence of the 3D culture conditions on the expression of a large 

set of genes. When we performed the pairwise analysis of RNAseq results of tissue and 

organoids we observed that they cluster in 2 groups based on either tissue or organoids and 

not as expected according to the tissue-organoids pairs for each patient. However, principal 

component analysis showed that the pairs were grouped together based on the principal 

Proefschrift Anke.indd   145 04-08-15   16:26



146  |  Chapter 7

component 2 and 3 (Fig. 5B).  From this result we conclude that the 3D culture condition 

has a dominant effect on gene expression in the organoid culture thereby masking the 

between-patients variability. Apart from the separation between patients, it is important 

to consider the presence of the different pathway inhibitors present in the culture medium 

and their potential effect on drug response. It is well known that TGFß pathway inhibition 

could affect the conversion of the mesenchymal to epithelial state and thereby affecting 

drug sensitivity.25 Furthermore, the addition of different inhibitors could also affect the 

molecular subtype of the organoids compared to the tumor tissue, further complicating 

the interpretation of the drug responses and the extrapolation to the in vivo situation. The 

ability to compare the response of organoids to a xenograft model derived from the same 

organoids should provide more insight in the feasibility of the use of organoids as accurate 

model system for in vivo responses. 
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General discussion and future prospects 

The treatment of colorectal carcinoma (CRC) is starting to become more tailored to the needs 

and cancer biology of the individual patient. It is getting more and more clear that CRC is 

a complex and heterogeneous disease. This poses a huge challenge for identification and 

selection of effective cancer therapies. In the past, steps have already been taken to guide 

doctors in deciding on which treatment to choose for which patient. To name the most 

evident steps are staging of the disease according to the TNM-staging and incorporating 

several pathological features to guide adjuvant therapy after surgery. In the management of 

metastatic colorectal cancer, determining the mutation status of several genes involved in 

important cellular pathways before starting chemotherapy has been another step to tailored 

therapy. Still, 40% of patients with colorectal cancer will not survive more than 5 years after 

their primary treatment. The sobering conclusion must be that there is still a lot unknown 

about the driving forces of this disease and how to attack them. In this thesis we focused on 

treatment of peritoneal metastasis of colorectal cancer origin with cytoreduction and HIPEC 

and the recent advancements that are being made in this area. We also evaluated a novel 

culture method for pre-clinical studies of CRC, which could possibly contribute to a more 

personalized treatment approach of CRC.

Treatment of peritoneal metastasis of CRC with cytoreductive surgery and HIPEC

In many parts of the world peritoneal metastasis of colorectal carcinoma is mainly seen 

as end-stage disease and will ususally be treated with palliative chemotherapy. Surgery 

is only considered for relief of symptoms in a palliative setting. However, since over two 

decades cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) 

has been shown to be the preferred treatment of several peritoneal surface malignancies. 

Many studies have reported improved disease-free survival and overall survival of colorectal 

patients as well; at least if patients were selected properly and the cytoreductive surgery 

was complete.1, 2, 3, 4, 5 However, several issues concerning the CRS-HIPEC treatment remain 

subject to debate. 
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Patient selection

The most important issue is patient selection. Selection should ideally be based on known 

predictive factors for outcome after CRS-HIPEC. The most important factor for the prediction 

of outcome after CRS-HIPEC is extent of peritoneal disease. In almost every large study that 

has tried to identify predictive factors for outcome after HIPEC, the extent of disease is 

predictive.3, 6, 4 This is associated with the ability of the surgeon to be able to do a complete 

cytoreduction, but is also an individual significant predictive factor. Does this mean we are 

too late with the treatment in a large number of patients? Should we do this treatment 

for patients with very limited disease only? Or does it mean we do not have enough other 

strong predictors for survival after CRS-HIPEC yet? 

It is evident that all these questions do play a role in the outcome. Since peritoneal disease 

is difficult to detect with imaging and gives only symptoms in extensive disease, it is often 

found at an advanced stage. It has already been shown that cytoreduction-surgery of 

patients having disease in almost all regions of the abdomen does not improve the course 

of the disease.7 It would be superior if we would find peritoneal disease earlier in the course 

of the disease, facilitating more complete cytoreductions. Therefore, further studies for 

early detection of peritoneal disease should be conducted. Early detection of peritoneal 

disease could possibly be done with novel imaging techniques, or maybe with peritoneal-

metastasis-specific biomarkers. These imaging techniques and markers could then also be 

used for patient-selection purposes. We found in all our studies presented in this thesis 

that peritoneal disease burden was a prognostic factor for outcome. In chapter 5 we found 

that ovarian metastasis are not a predictive factor for outcome after CRS-HIPEC. Again, 

we found that the extent of peritoneal disease was more predictive, irrespective of the 

ovaries being involved. Other predictors for outcome are histology, lymph node involvement, 

completeness of cytoreduction, response to chemotherapy and institutional experience.3, 6, 

4 Obviously, not all of these predictive factors are intrinsic characteristics of the tumor. The 

need for development of predictive tumor-specific markers is therefore very important.
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Experience and the learning curve

CRS-HIPEC procedures are associated with substantial morbidity. We found 34% of severe 

morbidity in our study in chapter 2, which is consistent with other large series. Post-operative 

complications are a function of experience and extent of the disease with consequently 

larger resections experience is an important predictive factor for good outcome. In the 

Netherlands new CRS-HIPEC centres were mentored and trained by experienced CRS-HIPEC 

surgeons when setting up the procedure. A national CRS-HIPEC protocol was implemented 

in all starting centres. The implementation of this Dutch national protocol helped the new 

hospitals to safely set up this procedure, so that similar results as in an experienced centre 

(The Netherlands Cancer Institute) could be achieved (chapter 3). We also showed that 

the short-term outcome of the procedure was better in the new hospitals than in the early 

procedures of the The Netherlands Cancer Institute. Besides the implementation of the 

standardized protocol, patient selection has developed over time. Still, experience does not 

come overnight, so the new hospitals needed to perform a number of procedures to gain 

this experience and learn new skills: the learning curve. In literature, learning curves of 

surgeons that started with the CRS-HIPEC procedures reported a cut-off point of around 

140 cases.8, 9 It was stated that with better training by experienced CRS-HIPEC surgeons 

this number could probably be reduced. In chapter 4 we analysed the learning curves of 

three new CRS-HIPEC hospitals that were trained and mentored by an experienced surgeon 

from an expert HIPEC centre. It appeared that compared to a pioneer cohort of the The 

Netherlands Cancer Institute that had started in the late 90’s, these new hospitals started 

on a better level. They showed a shorter learning curve as compared to the pioneer cohort: 

after less than 100 procedures results were comparable to that of the experienced HIPEC 

centre. Besides following a training program and have peer sessions with other CRS-HIPEC 

centres, it is essential for procedures to be performed on a regular basis.
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The role of perioperative systemic chemotherapy with respect to CRS-HIPEC

Although peritoneal metastases are less responsive to systemic chemotherapy than other 

colorectal carcinoma metastasis sites, systemic chemotherapy has always been part of the 

CRS-HIPEC treatment.10, 11, 12 The relative contribution of systemic chemotherapy in current 

CRS-HIPEC protocols with respect to survival is unclear. Some studies have reported beneficial 

effect of systemic chemotherapy before or after CRS-HIPEC, while others could not find such 

a clear effect.3, 6 A possible argument for giving systemic chemotherapy upfront could be 

that non-responders are not eligible for the CRS-HIPEC procedure; some CRS-HIPEC hospitals 

use this approach for patient selection. It has been reported that patients that respond 

very well to neo-adjuvant chemotherapy have been reported to have better survival after 

CRS-HIPEC than patients that hardly respond.13 Though, patients that do not respond to 

systemic chemotherapy have a very poor prognosis and no further treatment options. It was 

found that patients who developed peritoneal metastasis early after systemic chemotherapy 

could still benefit from the CRS-HIPEC procedure.14, 15 Moreover, in a small case-series it was 

reported that in patients with initially too much peritoneal disease for CRS-HIPEC, systemic 

chemotherapy could not reduce the amount of peritoneal disease enough to make them 

suitable for the CRS-HIPEC procedure. In contrast, most of the patients had progressive 

peritoneal disease under the given systemic chemotherapy regimen.16 

Adjuvant systemic chemotherapy is standard practice for CRC patients with primary tumor 

and lymph node involvement, since these patients have an increased risk of systemic failure. 
17, 18, 19 Primary tumor lymph node involvement has also been associated with worse survival 

for patients with synchronous peritoneal metastasis and after CRS-HIPEC treatment.20, 3, 4, 6 

Patients with synchronous peritoneal metastasis and lymph node involvement are at 

increased risk for both peritoneal and systemic failure. In chapter 6 we found that patients 

who received perioperative systemic chemotherapy had a better survival than patients who 

did not receive any chemotherapy. However, morbidity after the CRS-HIPEC treatment 

precluded a large proportion of patients from getting chemotherapy. We therefore suggest 

treating patients with lymph node involvement and synchronous peritoneal metastasis with 

at least a portion of the systemic chemotherapy before the CRS-HIPEC procedure.

Still, for most patients it is unknown what the survival benefit is of adjuvant systemic 

chemotherapy. The majority of the studies analysed patients that received chemotherapy 

with 5FU only. Since 2004, systemic chemotherapy regimens have consisted of a combination 
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of chemotherapeutic agents; which has benefitted disease-free survival for many patients 

in an adjuvant setting already.17, 18, 19 It has also been shown that these chemotherapeutic 

regimens show improved survival compared to the conventional arm of the CRS-HIPEC RCT. 
21 New targeted agents, such as the anti-EGFR therapy cetuximab, have been shown to be 

beneficial adjuvant treatment regimens for CRC patients with specific genetic mutations.22, 

23 These targeted agents are currently being tested in trials combined with CRS-HIPEC and 

hold promise for the future.24 

After all, patient selection is key for successful treatment of peritoneal metastasis with CRS-

HIPEC. For every patient the right treatment should be selected, including the administration 

and timing of systemic chemotherapy, which intra-peritoneal drug is most effective, but also 

if this patient should be offered a CRS-HIPEC procedure at all. To make better treatment 

decisions, more needs to be known about the biological processes involved in progression 

and metastasis of colorectal cancer. 

Primary cultures of colorectal carcinoma

The study of biological processes important for colorectal carcinoma have historically been 

performed in cell lines. However, several features of cell lines do not accurately reflect the 

in vivo situation. Cell lines grow attached to a plastic plate in a monolayer, whereas a tumor 

is a heterotypic three-dimensional structure, in close contact to the extracellular matrix 

and other cell types. Furthermore, cell lines contain genetically identical cells, whereas a 

colorectal tumors can consists as heterogenic population of cells.25, 26 Important cellular 

functions can be altered as consequence of these artificial conditions. Although cell lines 

are clearly not completely identical to a tumor, they are easy to handle and manipulate, and 

therefore, commonly used in pre-clinical cancer research. Many of the cell lines collections 

also recapitulate the mutational spectrum foundin patients. However, not all different CRC 

subtypes are available as cell lines. We, therefore, explored a culture model that should 

facilitate the creation of a 3D organoid culture out of any patient derived tumor. In this 

model we studied the similarities between primary tumor tissue and the organoid cultures 

on the morphological and genomic level. 

 General discussion and future prospects  |  157

8

Proefschrift Anke.indd   157 04-08-15   16:26



Genetic similarity between primary tumors and organoids

Because of the high success rate of the establishment of organoid cultures, it should be 

possible to create an organoid culture of nearly every colorectal cancer patient in the future, 

similar to patient derived xenograft models in mice. This provides the opportunity to test 

a range of (targeted) therapies on the cultures and the results could give direction for the 

choice of treatments for that specific patient. For this, the organoids should accurately 

resemble the characteristics and genetic make-up of the patient’s tumor. By using this 

culture method, the selection of mutations in oncogenic drivers or change of the genomic 

characteristics of the organoid compared to the primary tumor should be prevented. By copy 

number variation analysis we have shown that there are no gross differences between the 

tumor and the derived organoids. In-depth mutational analysis shows some differences, but 

no common drivers and no new oncogenic mutations were found throughout the panel of 

organoids. Importantly, when we analysed organoids that had been in culture for prolonged 

periods of time, we did not detect additional changes both in copy number and mutations.

Gene-expression analysis by RNAseq and hierarchical clustering showed that organoids 

cluster together and primary tumor clusters together. The observation that organoids cluster 

together can be explained by the dominant effect of the culture conditions common to all 

organoids. Indeed when we perform prinicipal component analysis on the gene-expression 

analysis, we do observe the clustering of individual organoids with the associated tumor 

tissue. The strong effects of the culture conditions on gene expression in organoids could 

also play a role when comparing in vitro to in vivo therapy response. It is well conceivable 

that adaption of the culture condition e.g. media supplements have to be adjusted to 

study specific drug response. In analogy, the presence of stromal cells and stromal-tumor 

interactions could also be an important factor in the tumors’ behaviour and drug responses. 

To address this issue, more complex cultures systems including a stromal component are 

being developed, which possibly mimic the in vivo environment even closer.27 
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Future prospects

Further investigations of the CRS-HIPEC procedure are mainly focusing on new indications 

for the procedure, either on other malignancies as gastric cancer and pancreatic cancer, or 

on timing the procedure in an adjuvant setting. Since predictive factors for the development 

of peritoneal metastasis after resection of a primary colorectal tumor have been defined, 

administration of intraperitoneal chemotherapy can be administered in an adjuvant setting 

in selected patients. Patients with T4 tumors, perforated tumors, or ovarian metastasis are 

possible candidates for this adjuvant approach.28, 20, 29, 30, 31, 32 The regimen, more HIPEC-like or 

more EPIC-like (Early Postoperative Intraperitoneal Chemotherapy), with an open-laparotomy 

or laparoscopy, which intraperitoneal drug, and the duration of the procedure should 

preferably be defined in a large, well powered randomized controlled trial. Until now, only 

small studies have been published that have performed the CRS-HIPEC in an adjuvant setting 

with promising results.33, 34 Randomized controlled trial should also be conducted when the 

CRS-HIPEC treatment is introduced for new indications such as gastric or pancreatic cancer. 

Also, it would provide the opportunity to analyse the effect of the separate modalities of the 

CRS-HIPEC procedure: the effect of the cytoreductive surgery, the effect of the addition of 

HIPEC, and the effect of pre- or postoperative systemic chemotherapy. 

Since the development of targeted therapy, the perioperative systemic chemotherapy 

regimens will become more individualized. This might also reflect on the use of the 

chemotherapeutic agents used intraperitoneally. The most commonly used intraperitoneal 

drugs are mitomycin C and oxaliplatin. The latter is compatible with targeted inhibitors 

and thereby could be more promising in the future.35, 36 So, the combination of platinum-

based chemotherapy with targeted agents holds promise for further investigation in a HIPEC 

setting. 

In the era of personalized medicine it is all about treating every patient with the right 

personally tailored treatment. It is not about selecting patients for a treatment but selecting 

the right treatment for the individual patient. When CRS-HIPEC is considered as a treatment 

for a patient, mostly clinical features and some pathological features are taken into account, 

such as general health of the patient, amount of peritoneal disease, location of the 

peritoneal disease, histological subtype and lymph node involvement. Molecular markers and 

genetic mutations have not yet been introduced in the decision-making for the CRS-HIPEC 

treatment, because there are simply no biomarkers that can predict the outcome of CRS-

HIPEC yet. Gene-expression profiling has been performed on a panel of peritoneal metastasis 

 General discussion and future prospects  |  159

8

Proefschrift Anke.indd   159 04-08-15   16:26



specimens and showed three different phenotypes.37 In this paper a start has been made 

to find a gene-expression profile and molecular pathways that distincguish good-prognosis 

low-grade appendiceal carcinoma from poor-prognosis low-grade appendiceal carcinoma. 

This gene expression profile should however be validated in a larger dataset. This approach, 

gene-expression and subtyping, can certainly advance this field, because there are definitely 

different phenotypes of peritonitis carcinoma, such as reflected in the staging system defined 

by Gilly.38 The Gilly score separates small peritoneal lesions from large peritoneal lesions, but, 

also different patterns of peritoneal lesions, being either localized or diffuse (Table 1). These 

entities have clinical relevance, since it is more difficult, if not impossible, to accomplish a 

complete cytoreduction of peritoneal lesions that are small but everywhere in the peritoneal 

cavity, than of lesions that are big, but in only three locations.

It would therefore be of great relevance to find the biological processes underlying the 

different peritoneal metastasis patterns. This could could be approached by gene-

expression analysis of tumor biopsies or resections, but also a more dynamic approach with 

measurements of molecular pathway activity could contribute to more insight. A pre-clinical 

model with great potential for dynamic measurment is provided by the patient-derived 

organoid culture system. 

In Chapter 7 we describe our efforts to validate the use of a 3D organoid cultures of patient-

derived colorectal carcinoma as a discovery platform for personalized cancer therapy. We 

found that organoids are genomically stable and highly resemble the tumor of which they 

were derived. We found, however, that there were a number of discordances with respect 

to allelic frequency of mutations. A number of these discordant mutations could have arisen 

due to presence of stromal or normal cells in the tumor section, or due to enrichment or 

depletion of a sub-clonal population upon establishing the organoid culture. The presence 

of discordant mutations and different allele frequencies between organoids and tissue was 

also observed by Wetering et al.39 They further show that the majority of the organoid 

cultures represented dominant subclones present in the biopsies. An outstanding question is 

whether all colorectal cancer subtypes as recently described can be established as organoid 

cultures.40 Although the organoid CRC biobank as described by van de Wetering et al. 

represents most subtypes, the enterocyte subtype was not represented. Two recent studies 

addressing the poor prognosis subtype (stem/serrated/mesenchymal) clearly indicate that 

the genes upregulated in this signature are expressed by stromal cells, rather than epithelial 

cells.41, 42 Because the organoid cultures are devoid of stromal cells, this poor prognosis 
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subgroup cannot be represented by the organoid culture. This could be relevant with respect 

to treatment response. For example, stromal-tumor interactions can affect the respons to 

neoadjuvant chemotherapy in breast cancer.43 Furthermore, these studies also highlight 

the importance of elevated TGFß expression in poor prognosis subtypes. TGFß in cancer-

associated fibroblasts (CAFs) boosts the tumor-infiltrating capacity of CRC, playing an 

important role in metastasis and regeneration after therapy.44 These observations underscore 

the importance of developing co-culture systems for the accurate reflection of in vivo 

characteristics and potentially in vivo drug responses. 

It was recently described that organoid cultures are amenable to high-throughput drug screens 

and allow detection of gene-drug associations such as the resistance to cetuximab in RAS 

mutant tumors. In addition they observed differential response to other types of treatment 

such as Gemcitabine.39 Although these results are promising, the correlation between in vitro 

organoid response and the in vivo patient response remains to be established. A potential 

approach to accelerate this correlation, could be the parallel use of xenograft models using 

either the same tumor or the organoids as source for the transplantation into mice. This will 

allow for the rapid and simultaneous testing of several different treatments analogous to 

the organoid cultures. It is important to note that organoids, compared to xenografts, can 

be established in a rather short period of time, can be expanded and used for compound 

screening. If the results obtained in organoids would be reflective of the patient’s response, 

they could provide a possibility to determine the best treatment for each individual patient.

Patient-derived organoids are currently being established from different tissues including 

liver and prostate. The are generally highly similar to the biopsy they were derived of and 

have a similar mutational landscape.45, 46 Because organoid cultures can also be established 

from normal stem cells, they can be used, not only for cancer-drug development, but also 

as a stem cell platform. In the future engraftment of organoids could possibly be applied as 

stem cell therapy to regenerate (parts of) organs.

 General discussion and future prospects  |  161

8

Proefschrift Anke.indd   161 04-08-15   16:26



Concluding remarks

For carefully selected patients, the CRS-HIPEC treatment is the best option for the treatment 

of peritoneal metastasis for colorectal carcinoma, with a 5-year survival of 31%. Though, 

there is a short learning curve, but with the implementation of a standardized protocol and 

intensive training and mentoring, recently started CRS-HIPEC hospitals in the Netherlands 

have shown a good level of outcome. In the next coming years, taken into account the 

developments in sequencing technology and new preclinical cancer models, personalized, 

targeted therapies will definitely change the treatment of metastasized colorectal carcinoma. 

This will also have influence on the chemotherapy regimens around CRS-HIPEC and possibly 

on the intraperitoneal chemotherapy. Also, patient selection for the CRS-HIPEC treatment 

will benefit from these developments. Collectively, these advancements will all lead to a 

more tailored approach of the treatment of patients with metastasis of colorectal carcinoma. 
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Summary

This thesis focuses on two areas in the treatment of colorectal cancer: current treatment of 

peritoneal metastasis of colorectal cancer and the development of a new preclinical model 

of colorectal cancer to find new treatments. Chapter 1 provides a general introduction in 

which the current treatment of metastatic colorectal cancer is highlighted. Furthermore, an 

overview of the biology and pathophysiology of colorectal cancer development is presented. 

In part I of this thesis studies related to the treatment of CRC patients with the HIPEC 

procedure are presented and in part II, the results on the development of patient derived 

primary cancer 3D culture models are presented.

Part I

Part I of this thesis focuses on the current treatment of peritoneal malignancy in the 

Netherlands. The three main topics in this part are the current status of CRS-HIPEC in the 

Netherlands, treatment of ovarian metastasis with CRS-HIPEC, and the administration of 

perioperative chemotherapy in relation to CRS-HIPEC in selected patients.

Cytoreductive surgery and HIPEC in the Netherlands

An increasing number of hospitals in the Netherlands have now implemented the CRS-HIPEC 

procedure. As a consequence the number of patients treated with CRS-HIPEC procedures 

has been increasing rapidly. In chapter 2 we present the long-term survival of the first 960 

patients treated in the Netherlands with CRS-HIPEC for peritoneal metastasis from CRC and 

PMP. Patients with CRC had a median survival of 33 months and patients with PMP of 130 

months.

As it has been shown that expert CRS-HIPEC centres with a high procedure frequency have 

better outcome, new CRS-HIPEC centres in the Netherlands were mentored and trained by 

experienced CRS-HIPEC surgeons when setting up the procedure. The implementation of a 

national protocol helped the new hospitals to safely set up this procedure, so that similar 

results as in the experienced The Netherlands Cancer Institute could be achieved. In chapter 

3 we show that the short-term outcome of the procedure was better in the starting hospitals 

as compared to the early procedures in the starting period at the The Netherlands Cancer 

Institute. Besides the implementation of the standardized protocol, worldwide experience 
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with the procedure, advances in surgical technique and improvements in perioperative care, 

the most obvious difference between the early procedures in the The Netherlands Cancer 

Institute and the procedures nowadays, is the patient selection. In the early days, it was not 

known yet what the best prognosticators for good outcome after CRS-HIPEC were, but it 

became clear that especially the burden of peritoneal disease and location of disease play a 

dominant role, which influenced patient selection for this procedure. 

In chapter 4 the results of a retrospective study of the learning curve of three new CRS-

HIPEC hospitals in the Netherlands are presented. We compared the learning curve of these 

new institutions to the learning curve of the first procedures of the ‘pioneer’ cohort of The 

Netherlands Cancer Institute as well as to a late cohort of consecutive procedures of the 

The Netherlands Cancer Institute. We found that the starting level of the new hospitals is 

almost on the same level as the late cohort, suggesting that the knowledge of the procedure 

in advance is on a good level. We found that the new hospitals improved the complete 

cytoreduction rate within the first 100 procedures, indicating that there was still a learning 

curve. For morbidity no significant decrease was found within these procedures. During the 

learning phase of the new centres, patient care and outcome were already on a safe level, 

which implies that proper training and mentoring can result in a shortened learning curve 

and improve patient safety. 

Treatment of colorectal ovarian metastasis with CRS-HIPEC 

Ovarian metastasis of colorectal origin is considered to be a separate clinical entity of 

progression of colorectal cancer. Ovarian metastases are associated with a poor prognosis, 

due to their rapid progressive nature and chemo resistance. Generally, ovarian metastasis is 

a rare site of colorectal carcinoma metastasis with an incidence of 2-8%, but in combination 

with peritoneal metastasis they are more common. More than 50% of women who 

underwent CRS-HIPEC for peritoneal metastasis of colorectal carcinoma were found to have 

ovarian metastasis. The coincidence of ovarian metastasis with peritoneal metastasis could 

be explained by a common metastatic pathway through direct peritoneal seeding; however 

lymphatic or haematological metastatic routes have also been suggested. The discussion 

concerning ovarian metastasis metastatic route has been of little value in establishing a solid 

treatment strategy. Therefore, in chapter 5 we present the result of our study of patients 

with ovarian metastasis that underwent CRS-HIPEC. We found that for the treatment of 

peritoneal carcinomatosis the presence of ovarian metastasis is not relevant, since patients 

with ovarian metastasis have the same outcome after CRS-HIPEC as patients with peritoneal 
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metastasis alone. Ovarian metastases can therefore be considered as part of peritoneal 

spread, and treated likewise. 

The role of perioperative systemic chemotherapy with respect to CRS-HIPEC

Patients with synchronous peritoneal metastasis and lymph node involvement are at 

increased risk for both peritoneal and systemic failure. Therefore, it seems imperative that 

systemic chemotherapy is part of the CRS-HIPEC treatment for these patients. In chapter 

6 we show the outcome of this specific patient group and evaluated the timing of the 

administration of systemic chemotherapy. We found that patients who received systemic 

perioperative systemic chemotherapy had better survival than patients who did not receive any 

chemotherapy. The timing of the systemic chemotherapy, before or after CRS-HIPEC, did not 

affect survival. However, the presence of major complications precluded the administration 

of chemotherapy postoperatively in many patients. Preoperative chemotherapy did not 

induce more morbidity after CRS-HIPEC. It is therefore suggested to treat patients with 

synchronous peritoneal metastasis and lymph node involvement with at least a portion of 

the systemic chemotherapy before the CRS-HIPEC procedure.

Part II

Part II of this thesis focuses on the development and validation of a 3D organoid model 

derived from patient’s colorectal tumours. This 3D model is a more complex in vitro culture 

model that could potentially more closely represent CRC than the commonly used CRC cell 

lines. In addition, the patient derived organoids have the ability to represent each individual 

patient and tumor specific responses could potentially be used for personalized treatment 

strategies. 

In chapter 7 we describe the results of the establishment and characterization of 3D organoid 

cultures from a large number of patients and the subsequent analyses we performed to 

study the relationship between the organoids and the tumour tissue. 

To compare the organoids to the respective tumour tissue we evaluated the phenotype 

and the genotype of 9 organoid-tissue pairs. First, we evaluated their phenotypes by 

microscopy and observed similar histologies across these samples. We also assessed several 

colorectal-carcinoma-specific tumour markers and found that they were equally present in 

the immunohistochemical stainings of the tumours as in their organoid counterparts. To 
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address potential differences between the gene mutations present in the organoids and their 

equivalent tumours, we sequenced the kinome of 6 tumour-organoid pairs. We observed 

a very high degree of similarity among the organoid-tumour pairs. We also did not find 

novel mutations that were common among the organoids that could be the consequence 

of the culture method. However, we did observe differences in mutation status and allele 

frequency of certain genes. We did see an increase in read frequency of mutant alleles in 

the organoids. This could indicate that there was indeed a selection for a specific sub-clone 

of a heterogeneous tumour but it is also very likely that differences in allele frequencies 

could be explained by the stromal contribution to this analysis. The copy number variation 

data showed no gross differences between the tumour-organoid pairs, taken into account 

the tumour percentage of the tumour samples. We observed the gain and loss of certain 

chromosomal regions in organoids and tissue consistent with known copy number variations 

in colorectal cancer. Finally, we evaluated the genomic stability of organoids cultured for 

prolonged periods of time. We found that long-term organoid cultures are highly similar to 

the early cultures. This establishes patient derived organoids as a discovery and validation 

platform for the prediction of drug response and a platform for the discovery of treatment 

options for personalized therapy.

In chapter 8, the results presented in this thesis are discussed and future perspectives are 

suggested. 
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Nederlandse samenvatting

Darmkanker is een van de meest voorkomende soorten kanker in Nederland. Als 

darmkanker metastaseert, is het meestal dodelijk. Dit proefschrift bekijkt twee aspecten van 

de behandeling van gemetastaseerde darmkanker. Het eerste deel gaat over de behandeling 

van peritoneale metastasen van darmkanker. In het tweede deel wordt de ontwikkeling en 

validatie van een nieuwe kweekmethode van darmkankercellen besproken. In de introductie 

van dit proefschrift staat beschreven waar de behandeling van gemetastaseerde darmkanker 

momenteel uit bestaat. Ook worden de belangrijkste biologische processen in het ontstaan 

van darmkanker samengevat. (Hoofdstuk 1)

Deel I

Cytoreductieve chirurgie en HIPEC in Nederland

In de laatste jaren zijn steeds meer ziekenhuizen in Nederland de HIPEC procedure gaan 

uitvoeren voor de behandeling van peritoneale metastasen van darmkanker. De HIPEC 

procedure bestaat uit volledige cytoreductieve chirurgie en intraperitoneale verwarmde 

chemotherapie. In hoofdstuk 2 worden de langetermijnsresultaten van alle ziekenhuizen 

in Nederland die op dit moment de HIPEC procedure uitvoeren, beschreven. Er werden 

960 patiënten geïncludeerd met peritoneale ziekte door darmkanker of pseudomyxoma 

peritonei. De mediane overleving van de patiënten met darmkanker was 33 maanden en 

van de patiënten met pseudomyxoma peritonei 130 maanden. De morbiditeit was 34%, 

wat in lijn ligt met de aanwezige literatuur. Deze resultaten laten zien dat de manier waarop 

de HIPEC procedure in Nederland wordt uitgevoerd verantwoord is. 

Het is gebleken dat ziekenhuizen die veel ervaring met de HIPEC procedure hebben, betere 

resultaten boeken. Daarom worden in Nederland alle ziekenhuizen die willen starten met 

de HIPEC procedure getraind door een ervaren team. Dit geldt voor chirurgen, maar ook 

voor verpleegkundigen, operatieassistenten, diëtisten, etc. Ook is er en HIPEC werkgroep 

opgericht die een protocol heeft opgesteld volgens welke alle HIPEC teams werken. Het 

implementeren van dit protocol heeft ertoe geleid dat de nieuwe ziekenhuizen op een 

verantwoorde manier konden starten met het opzetten van de HIPEC procedure. 

In hoofdstuk 3 worden de kortetermijnsresultaten getoond van de eerste procedures 

van 3 nieuwe HIPEC centra. Deze zijn vergeleken met de resultaten van het Antoni van 
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Leeuwenhoek, wat al langere tijd de HIPEC procedure uitvoert. De nieuwe ziekenhuizen 

hadden betere resultaten na de eerste 100 procedures procedures in vergelijking tot 

patienten behandeled in de opstart periode van het Antoni van Leeuwenhoek.. Naast het 

implementeren van het nationale protocol, hebben ook de wereldwijde ervaring met de 

procedure, de vooruitgang in chirurgische techniek en verbeteringen in de perioperatieve 

zorg ertoe bijgedragen dat de nieuwe centra zo goed beginnen. Echter, de hoeveelheid 

intraperitoneale ziekte blijft de belangrijkste factor die bijdraagt aan operatieve morbiditeit.

Verder hebben we de leercurve van de drie nieuwe HIPEC centra onderzocht. Deze leercurve 

hebben we vergeleken met de leercurve van het Antoni van Leeuwenhoek en met een 

cohort van patiënten van het Antoni van Leeuwenhoek nu. In hoofdstuk 4 blijkt dat het 

startniveau van de nieuwe ziekenhuizen beter was dan het startniveau van het Antoni 

van Leeuwenhoek destijds. Voor enkele uitkomstmaten, zoals morbiditeit en perioperatief 

bloedverlies, waren de nieuwe HIPEC centra bij start al op het niveau van het Antoni van 

Leeuwenhoek nu. In de eerste 100 procedures zien we voor enkele parameters nog wel een 

significante leercurve, maar deze is korter dan we kennen uit de literatuur. Deze resultaten 

laten zien dat een goede training en gecontroleerde implementatie belangrijk is.

De behandeling van ovariummetastasen met HIPEC

Ovariummetastasen worden als een aparte lokalisatie van darmkankermetastasen 

beschouwd. Ovariummetastasen hebben een slechte prognose, vooral door hun snelle 

groei en slechte respons op chemotherapie. Ze ontstaan in 2-8% van de darmkanker 

patiënten, maar komen veel voor in combinatie met peritoneale metastasen. Dit zou kunnen 

doordat ze een zelfde manier van metastaseren hebben. Het is niet helemaal duidelijk of 

ovariummetastasen ontstaan doordat ze metastaseren via lymfebanen, bloed of direct via 

het peritoneum. In hoofdstuk 5 hebben we vrouwen onderzocht met ovariummetastasen 

die een HIPEC procedure hebben ondergaan. We vonden dat het niet relevant is voor de 

behandeling van peritoneale metastasen of een patiënte ook ovariummetastasen heeft, de 

uitkomst is hetzelfde. Daarom zouden ovariummetastasen het best beschouwd kunnen 

worden als een uiting van peritoneale metastasen, en kunnen dan ook zo worden behandeld.

De rol van perioperatieve chemotherapie bij HIPEC

Patiënten met synchrone peritoneale metastasen en lymfekliermetastasen hebben een 

verhoogd risico op zowel peritoneale als systemische recidieven na de HIPEC behandeling. 

Daarom lijkt het zinvol deze patiëntengroep ook systemische chemotherapie te geven. In 
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hoofdstuk 6 hebben we gekeken naar de timing van chemotherapie bij patiënten met 

synchrone peritoneale metastasen en positieve lymfeklieren. We vonden dat patiënten die 

chemotherapie kregen voor of na de HIPEC procedure een betere overleving hadden dan 

patiënten die geen chemotherapie kregen. De timing, voor of na de HIPEC, maakte niet uit 

voor de overleving. De belangrijkste reden waarom patiënten geen chemotherapie kregen, 

was morbiditeit na de HIPEC. Het preoperatief geven van chemotherapie zorgde niet voor 

meer morbiditeit. Daarom is het advies om in deze patiëntengroep in ieder geval een deel 

van de chemotherapie voorafgaand aan de HIPEC te geven.

Deel II

Om nieuwe therapieën te kunnen ontwikkelen voor de behandeling van darmkanker, 

is het belangrijk om de biologische achtergrond hiervan goed te kennen en tumoren te 

kunnen karakteriseren. Wij hebben ons onderzoek gefocust op een belangrijk onderdeel 

van de darmkanker ontwikkeling, namelijk de karakterisering van kanker-specifieke signaal 

transductie netwerken. Dit is mogelijk door op verschillende manieren naar cellen te kijken. 

Ons lijkt het meest voor de hand liggend om levende cellen bestuderen afkomstig van 

tumoren van patiënten. Dit geeft de mogelijkheid om de signaal transductie netwerken te 

onderzoeken, en de respons op gerichte therapie op componenten van deze netwerken, 

in de context van een patiënt-specifieke situatie. Hiervoor hebben we cellen afkomstig van 

tumoren van patiënten in kweek gebracht. 

In hoofdstuk 7 beschrijven we de fenotypische en genotypische vergelijking tussen de 

organoidkweken met het tumorweefsel waarvan de organoids afkomstig waren. We zien 

dat de histologie van de organoidkweken overeen komt met de tumoren. Ook ondervonden 

we dat dezelfde immunohistochemische markers aankleurden in de tumor-organoid 

paartjes. Om de organoids genetisch te vergelijken met het tumorweefsel hebben we het 

DNA van beide gesequenced. We hebben vonden dat er geen gemeenschappelijke nieuwe 

mutaties zijn ontstaan in de organoids afwijkend van het tumorweefsel. Wel vonden we 

dat de tumoren en de organoids niet helemaal identiek waren in mutatiestatus of allel 

frequentie. We zagen dat enkele oncogene mutaties in mindere mate aanwezig waren 

in het tumorweefsel, maar in meerdere mate in de organoids. We vonden geen nieuwe 

oncogene mutaties in de organoids. Buiten dat we naar specifieke mutaties hebben gekeken, 

hebben we ook copy-number analyse gedaan. Hier observeerden we geen grote verschillen 

 Tailored treatment of metastatic colorectal cancer: clinical and pre-clinical developments  |  175

9

Proefschrift Anke.indd   175 04-08-15   16:26



tussen de tumor-organoid paartjes als je de ‘verontreiniging’ van het tumorweefsel met 

normale cellen meeneemt. We vonden enkele regio’s waarin copy-number veranderingen 

werden aangetroffen die bekend zijn bij het colorectaal carcinoom. Verder hebben we de 

genomische stabiliteit van de organoidkweken onderzocht. We vonden dat de kweken 

over lange termijn stabiel waren zonder dat er grote genetische veranderingen werden 

aangetroffen. Dit maakt dat de 3D organoidkweken een geschikte methode lijkt voor het 

ontwikkelen en valideren van nieuwe, gepersonaliseerde kankertherapieën.

In hoofdstuk 8 worden de belangrijkste punten van dit proefschrift bediscussieerd. Tevens 

worden er suggesties gedaan voor toekomstig onderzoek naar de HIPEC procedure en voor 

de verdere ontwikkeling van de 3D organoid kweken. De verder ontwikkeling van de HIPEC 

procedure zou kunnen bestaan uit het verbeteren van de perioperatieve chemotherapie 

regimes. Ook zouden er nieuwe intraperitoneale chemotherapie combinaties kunnen worden 

bestudeerd die afgestemd worden op de biologie van de tumor van de patient. Op het gebied 

van 3D organoid kweken zal er nog veel ontwikkeling moeten plaatsvinden om ze geschikt 

te maken voor gebruik in de kliniek. Het is echter een veelbelovend onderzoeksgebied dat 

uiteindelijk ook zal bijdragen tot een meer op-maat behandeling van kanker. 
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List of abbreviations

3D   three-dimensional

CI   confidence interval

CRC   colorectal carcinoma

CRS   cytoreductive surgery

CTCAE   common toxicity criteria for adverse events

DFS   disease-free survival

DPAM   disseminated peritoneal adenomucinosis

EPIC   early post-operative intraperitoneal chemotherapy

FOBT   faecal occult blood test

HIPEC   hyperthermic intraperitoneal chemotherapy

HR   hazard ratio

iFOBT   immunochemical faecal occult blood test

OR   odds ratio 

OS   overall survival

PC   peritoneal carcinomatosis

PFS   progression-free survival

PM    peritoneal metastasis

PMCA   peritoneal mucinous carcinomatosis

PMCA-I   peritoneal mucinous carcinomatosis well differentiated

PMP   pseudomyxoma peritonei
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