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I n t ro d u c t i o n 

Definition and epidemiology

Peritoneal dissemination, or peritoneal carcinomatosis, is a condition in which cancer 

cells outgrowth into metastatic tumor nodules on the peritoneal surface. Peritoneal 

metastases develop when malignant cells detach from the primary tumor and spread in 

the peritoneal cavity. This can occur in the natural course of the disease following invasion 

of the serosa or spontaneous perforation. Iatrogenic causes, such as irradical resection 

of the primary tumor or intraoperative tumor spill also play a role in the development 

of peritoneal metastases. Intraoperative spill can occur by iatrogenic perforation of the 

primary tumor or by the dissection of blood or lymph vessels containing malignant cells. 

The majority of peritoneal metastases are originated from gastrointestinal or gynecologic 

malignancies, however numerous other solid type cancers, such as breast, lung, prostate 

and melanoma, have been described to metastasize to the peritoneum.1 Colorectal and 

gastric cancers are responsible for approximately fifty percent and twenty-five percent 

of all peritoneal metastases in male and female patients, respectively.2 In patients with 

colorectal cancer approximately 5% of the patients present with synchronous peritoneal 

metastases and about 3.5% of patients develop metachronous peritoneal metastases 

after curative treatment of colorectal cancer.3,4 In gastric cancer, 14% of patients are 

diagnosed with synchronous peritoneal carcinomatosis, and about 16% of patients 

develop peritoneal recurrence after potentially curative treatment.5,6 Survival in patients 

with peritoneal carcinomatosis treated conservatively is poor. Even with modern systemic 

chemotherapy, survival is frequently limited to 6 to 12 months in colorectal cancer and 3 

to 6 months in gastric cancer.7,8

Historical overview

The first descriptions of the intraperitoneal administration of drugs for the treatment 

of malignancies originate from the 1950s, when in patients with disabling malignant 

ascites favorable result were reported on the administration of radioactive gold or 

nitrogen mustard.9-11 In the 1970s, interest renewed after several studies described the 

administration of chemotherapy through catheters in patients with ovarian cancer.12,13 

The pharmacokinetic advantage of intraperitoneal administration of chemotherapeutic 

drugs was established.14 The limited permeability of the peritoneum allowed the 

local intraperitoneal application of significant higher concentrations of chemotherapy 
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compared to intravenous administration. New techniques of intraperitoneal admini-

stration of chemotherapy were further explored such as continuous perfusion and the  

addition of hyperthermia.15 Simultaneously, emphasis shifted from palliating disabling 

malignant ascites to treating microscopic residual disease either after systemic chemo-

therapy or surgery. In 1995, Sugarbaker first described cytoreductive surgery using 

various peritonectomy procedures for the resection of peritoneal surface malignancies 

in combination with intraperitoneal chemotherapy.16 Initial studies focused on early 

postoperative intraperitoneal chemotherapy following cytoreductive surgery.17,18 After 

the first completed randomized controlled trial using cytoreductive surgery (CRS) 

and intraoperative hyperthermic intraperitoneal chemotherapy (HIPEC) in patients 

with peritoneal metastases of colorectal cancer,19 this treatment strategy became the 

foundation for further studies in the treatment of peritoneal surface malignancies. The 

long-term results of this study showed a significant survival benefit compared to systemic 

palliative chemotherapy.20 Patients with colorectal peritoneal metastases treated with 

CRS+HIPEC had a median disease-specific survival of 22.2 months, compared to 12.6 

months in patients treated with palliative chemotherapy alone. In recent years, with 

improved patient selection, the median survival of patients with peritoneal metastases of 

colorectal cancer has increased to approximately 36 months.21,22 

Present situation

In the Netherlands, yearly approximately 350 CRS + HIPEC procedures are performed for 

the treatment of peritoneal carcinomatosis in eight designated HIPEC centers. Following 

laparotomy, cytoreductive surgery is performed with the aim to remove all visible 

tumor nodules. Afterwards, the abdominal cavity is filled with perfusion fluid, in which 

chemotherapeutic drugs are dissolved, and the intraperitoneal cavity is continuously 

perfused for thirty minutes to two hours, depending on the chemotherapeutic drug. 

Following the study by Verwaal et al. mitomycin C is generally used as chemotherapeutic 

drug, however, several studies have investigated other chemotherapeutic drugs.23 

Resulting from the direct cytotoxic effect of hyperthermia and enhanced in vitro 

cytotoxicity of several chemotherapeutic drugs under hyperthermic condition, the 

perfusion fluid is generally heated till 39 to 42 degrees Celsius. Hyperthermia is also 

believed to increase chemotherapeutic drug penetration in the peritoneal tissue.24 Tissue 

penetration of intraperitoneal chemotherapeutic drugs can be regarded as the Achilles’ 

heel of intraperitoneal chemotherapeutic drug administration, as penetration is generally 
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limited to three to five millimeters.25 Consequently, complete macroscopic cytoreductive 

surgery, is regarded mandatory for long-term survival following CRS + HIPEC. 

Present issues

Patient selection remains a major topic in treatment of peritoneal surface malignancies.26 

The extent of peritoneal carcinomatosis is considered to be one of the most important 

factors in patient selection. Survival is significantly correlated to the extent of peritoneal 

spread and the ability to achieve a complete macroscopic cytoreduction at surgery. 

Additionally, extensive spread may reflect the biologic aggressiveness of the underlying 

malignancy. Postoperative morbidity is increased in patients with extensive peritoneal 

dissemination as a result of more major surgical resections. 

Unexpected inoperability at surgery remains a prevalent issue in patients with peritoneal 

carcinomatosis. This undesirable situation is often due to the inability of current imaging 

modalities to accurately document the extent of the disease and especially the involvement 

of the small bowel and its mesentery.27 Failure of present imaging techniques to detect 

small tumor nodules in early disease may lead to unnecessary delay in treatment. 

Second-look laparoscopy has been suggested as an option to improve early detection 

in patient at risk of peritoneal dissemination, the exact role of this strategy is currently 

unknown.28 Prevention of peritoneal metastases using HIPEC has been suggested by 

some authors.29,30 To correctly design and study these innovative treatment strategies, it 

is of importance to accurately determine which patients are at risk for the development 

of peritoneal metastases. 

Although there are sufficient relevant clinical data regarding the survival following 

CRS+HIPEC, controversy still exists among physicians whether CRS+HIPEC is beneficial 

and can be regarded as standard treatment in patients with peritoneal dissemination of 

colorectal cancer. This may result in withholding treatment or delay in referral of patients 

who may potentially benefit from CRS and HIPEC. 

In Asian countries CRS + HIPEC is widely applied in the treatment and prevention 

of peritoneal metastases in patients with gastric cancer, the role of this treatment in 

Western gastric cancer is unknown. The high risk of peritoneal metastases in gastric 

cancer, suggests that gastric cancer may be a suitable disease for this treatment. Several 

issues such as patient selection, appliance of perioperative chemotherapy and selection 

of drugs to be used intraperitoneally need to be addressed before larger studies in gastric 

cancer can be initiated.
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G e n e r a l  o u t l i n e  o f  t h e  t h e s i s

The studies presented in this thesis focus on three main issues: The risk and early treatment 

of peritoneal carcinomatosis (Part I), exploring borders in peritoneal carcinomatosis 

treatment (Part II) and failure of peritoneal carcinomatosis treatment (Part III). A large 

part of this thesis is based on in-depth analysis of a large population of patients treated 

with CRS + HIPEC in the St. Antonius hospital, Nieuwegein, and Catherina Hospital, 

Eindhoven (Chapter 6, 7, 8, 11 and 12).

Part I

Chapter 2 describes the occurrence and risk factors associated with the development 

of PC in patients with T4 colorectal cancer. Chapter 3 presents a systematic review on 

the risk of PC following curative resection of gastric cancer. Both studies emphasize the 

magnitude of the problem in both patient groups. The data derived from these studies 

provide a basis for further studies on the prevention, early detection and treatment of PC 

in these patients. Following the hypothesis that cytoreductive surgery and HIPEC should 

be performed early in the course of the disease, the outcome of performing CRS and 

HIPEC in one procedure compared to tumor resection followed by secondary CRS and 

HIPEC in a second stage procedure is presented in Chapter 4. 

Chapter 5 describes the current attitude of medical and surgical oncologists in the 

Netherlands towards the indication and outcome of CRS and HIPEC in colorectal cancer 

patients. The survey provides important information to support further efforts to promote 

CRS and HIPEC among both medical students and professionals both in basic courses 

and continuing medical education curriculae at different levels.

Part II

In Chapter 6, patients treated with CRS + HIPEC after emergency presentation of 

colorectal cancer are described. As emergency presentation is a known poor prognostic 

factor in colorectal cancer, we investigated whether CRS + HIPEC is safe in patients 

with peritoneal carcinomatosis following acute resection, and results in equal long-term 

survival. In Chapter 7, urological resections as a part of CRS + HIPEC are investigated. 

As urologic involvement may result in more extensive resections, we studied whether a 

urologic resection during CRS + HIPEC is safe and affects long-term survival. Chapter 

8, describes patients with limited synchronous liver and peritoneal metastases treated 
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with CRS + HIPEC. This investigates whether in carefully selected patients, CRS + HIPEC  

is feasible, and whether further exploration of combined treatment of hepatic and peri-

toneal metastases is feasible. With the three preceding studies we aimed at improving 

patient selection and individual patient counselling for CRS + HIPEC in patient with 

peritoneal metastases of colorectal cancer. 

One important question when initiating studies with CRS + HIPEC in gastric cancer is 

which intraperitoneal chemotherapeutic regimen should be used. Chapter 9 provides 

a comprehensive literature review on possibly suitable chemotherapeutic drugs for 

intraperitoneal perfusion in gastric cancer patients; several aspects on the selection of 

chemotherapeutic drugs are discussed. Subsequently, in Chapter 10 a study protocol 

is presented of a study currently being performed in patients with limited peritoneal 

carcinomatosis of gastric origin. In this chapter the outline and expected results of this 

study are further described. 

Part III

In Chapter 11, patients who experienced recurrence following cytoreductive surgery and 

HIPEC for peritoneal metastases of colorectal cancer are analyzed. Analysis of prognostic 

factors and treatment of recurrence is performed to gain insight in recurrence patterns 

and prognosis. In these patients further treatment options, including surgical resection, are 

explored. In Chapter 12, patients with colorectal peritoneal carcinomatosis who were not 

suitable for cytoreductive surgery and HIPEC treatment are described. Risk factors, prognosis 

and possible treatment options following an open and close procedure are investigated. 

With these results we hope to decrease the percentage of open and close procedures. Both 

studies in part III improve patient counselling concerning treatment options and prognosis 

following an open and close procedure or recurrence following CRS + HIPEC. 

Chapter 13 provides a summary of the results of the complete thesis, and provides future 

perspectives of peritoneal carcinomatosis treatment in colorectal and gastric cancer.
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A b s t r a c t

Background

Cytoreductive surgery with hyperthermic intraperitoneal chemotherapy improves 

outcome of patients with peritoneal carcinomatosis (PC) of colorectal carcinoma. Data 

on the occurrence of PC in T4 colorectal carcinoma are scarce. We investigated the 

occurrence and risk factors for PC in these patients. 

Methods

This was a retrospective cohort study of patients undergoing a first resection of a 

T4 colorectal carcinoma in a tertiary hospital between January 2000 and December 

2007. Primary outcome was the occurrence of synchronous or metachronous PC. The 

association with PC and several patient and tumor characteristics was evaluated using 

logistic regression.

Results

A total of 200 patients underwent resection of a T4 colorectal carcinoma. Median follow-

up censored for death was 66 months (18–89 months). Synchronous PC was found in 46 

of 200 patients (23%) and metachronous PC in 33 of 154 patients (21%). In univariable 

analysis, factors associated with PC were: age (OR: 0.97, 95%-CI 0.94–0.99, P = 0.03), 

radical resection (OR: 0.32, 95%-CI 0.11–0.91, P = 0.03), and N stage (OR: 1.63, 95%-

CI 1.36–2.34, P = 0.008). In multivariable analysis, only N stage was associated with PC 

(OR: 1.62, 95%-CI 1.12–2.34, P = 0.01). This association was not significant for the 154 

patients at risk for metachronous PC.

Conclusions

Around 1 in 5 patients undergoing resection of a T4 colorectal carcinoma either have PC 

during primary resection or develop PC during follow-up. N stage was associated with 

PC in the entire study population. However, none of the clinical or pathological variables 

were associated with the risk of metachronous PC and therefore cannot be used to 

develop targeted surveillance strategies.
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B a c k g ro u n d

Colorectal cancer is the third most common cancer in males and the second most 

common cancer in females worldwide. In 2008, 571,204 new cases of colorectal cancer 

were diagnosed in women and 663,904 in men, and the incidence is still rising.1,2 

According to the widely used TNM system for classifying the extent of cancer spread, 

a T4 colorectal tumor is defined as a primary tumor penetrating to the surface of the 

visceral peritoneum (T4a) or a tumor directly invading or being adherent to other organs 

or structures (T4b).3

The mean overall survival of T4 colorectal cancer, even when treated with adjuvant 

chemotherapy, is only around 12–15 months.4 This poor survival is partly explained by the 

fact that T4 colorectal cancers are very likely to spread into the peritoneal cavity where 

micrometastasis adhere to the peritoneum, which is known as peritoneal carcinomatosis 

(PC). There are only few data on the occurrence of PC after colorectal cancer. A recent 

review reported that ~7% of all patients with a colorectal tumor (i.e., not only T4 tumors) 

presents with PC at the time of the first resection.5 The occurrence of PC in the follow-

up after the operation, however, varied widely from 4 to 19%.5 Moreover, as was also 

pointed out by another recent systematic review, more data are needed to clarify which 

subset of patients are typically at risk for PC and when in the follow-up after the first 

resection PC occurs.6

Conventional treatment for PC in colorectal cancer was palliative chemotherapy. Current 

guidelines advise cytoreductive surgery combined with hyperthermic intraperitoneal 

chemotherapy (HIPEC) for patients with PC and no distant metastases, with 5-year survival 

rates of around 45%.7–12 It is currently not possible to accurately predict which patients 

with T4 colorectal cancer develop PC. This information would be useful to design special 

surveillance programs, which could include planned second-look operations to identify 

patients with PC relatively early in the follow-up. These patients could then undergo 

cytoreductive surgery combined with HIPEC. Theoretically, patients with a high risk of 

developing PC may even benefit from prophylactic cytoreductive surgery combined with 

HIPEC in the future.

The aim of this study was to investigate the occurrence of PC in patients undergoing 

first resection of a T4 colorectal carcinoma. We also evaluated which patient and tumor 

characteristics are potential risk factors for PC in these patients.
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M e t h o d s

Patients and study design

A retrospective observational cohort study was performed in the St. Antonius Hospital 

in Nieuwegein, a major non-university tertiary referral hospital in the Netherlands. We 

identified all patients from the hospital electronic pathology database who underwent a 

first surgical resection for colorectal cancer in the period of January 1, 2000 to December 

31, 2007. A total of 873 consecutive patients underwent a first resection: 34 patients 

(4%) were classified as T1 colorectal carcinoma, 141 patients (16%) as T2, 498 patients 

(57%) as T3, and 200 patients (23%) as T4. The latter group of 200 patients were 

included in the current study.

Treatment consisted of oncologic resection of the T4 carcinoma, followed by adjuvant 

chemotherapy depending on tumor stage and patient-specific characteristics such as 

age and performance status. The follow-up was according to national guidelines with 

regular outpatient visit and, abdominal ultrasonography every 6 months, combined 

with laboratory tests for carcinoembryonic antigen (CEA), yearly chest radiography, and 

interval colonoscopy at 2–3 years. Computed tomography (CT) scan was only performed 

on suspicion of PC or distant metastases, i.e., in cases of elevated CEA, clinical symptoms, 

or irregular findings during colonoscopy or ultrasonography. We adhered to the STROBE 

statement guidelines for reporting on observational cohort studies.13

Data collection

The following data were extracted from the patient’s medical records: gender, age 

at time of diagnosis, tumor localization (i.e., cecum and ascending colon, transverse 

colon, descending/sigmoid colon, and rectum), preoperative CEA level, type of surgical 

resection and whether the resection was in elective or urgent setting, macroscopic 

perforation of the tumor during operation, pathological N stage, number of dissected 

lymph nodes, tumor differentiation, pathologic radicality of the resection, (neo)adjuvant 

chemotherapy, the diagnosis of synchronous PC or metachronous PC (i.e., beyond the 

first 3 months after the first resection), and mortality during follow-up. PC was diagnosed 

by imaging (i.e., ultrasonography, CT, and magnetic resonance imaging), operation, or 

pathology investigations (i.e., including autopsy). Length of follow-up was defined as the 

time between first resection of the T4 tumor until the last outpatient visit or until death.
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Statistical analysis

Analyses were performed with SPSS version 15.0 (SPSS, Chicago, IL). The Kolmogorov–

Smirnov test was used to assess whether continuous data were normally distributed 

(P > 0.05). Continuous data are presented as mean ± standard deviation (SD) and in 

cases of non-normal distributions as median (interquartile range (IQR)). Patients with 

missing data were not included in the analyses for the specific parameter, and this was 

reported. Differences were tested by the t-test or Mann–Whitney U test. Proportions 

were compared by the χ2, Fisher exact, or linear-by-linear association test, as appropriate. 

Median follow-up censored for deaths was calculated according to the method described 

by Schemper and Smith.14 

The main outcome of the study was the occurrence of metachronous or synchronous 

PC. Subsequently, the association with the development of PC of several potential risk 

factors (i.e., predefined patient and tumor characteristics) was evaluated using logistic 

regression analysis. Factors associated with PC in univariable analysis with P < 0.05 were 

entered in a multivariable regression model. Regression analyses were also performed 

separately in the subgroups of patients at risk of synchronous and metachronous PC. 

Results of logistic regression are shown as odds ratios (OR) with corresponding 95% 

confidence intervals (95%-CI).

Kaplan–Meier analysis was performed to analyze the occurrence of metachronous PC 

over time and the disease-specific survival in patients with or without PC. Differences 

were tested with the log-rank test. In patients at risk of metachronous PC, a post hoc 

exploratory analysis was performed for PC-free survival using Cox regression. A two-

sided P < 0.05 was considered statistically significant.

R e s u l t s

Patients

Patient and tumor characteristics are shown in Table 1. Of the total of 200 patients with 

pT4 stage, suspicion of T4 stage was described on preoperative CT in only 38 patients 

(19%). During operation, signs of T4 stage were described in 107 of 200 patients (54%). 

When combining clinical and radiological findings, 108 of 200 patients (54%) had stage 

cT4. A total of 168 patients (84%) underwent elective surgery, and 32 patients (16%) 

had a resection in an emergency setting.
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Table 1, Characteristics on demographics, operations, and pathology in 200 patients undergoing 
resection of a T4 colorectal tumor

Characteristics Patients (N = 200)

Male sex 82 (41%)

Mean age 71.7 (±7.8)

Tumor localization

 Cecum/ascending colon 92 (46%)

 Transverse colon 32 (16%)

 Descending colon/sigmoid 65 (33%)

 Rectum 11 (6%)

Preoperative CEA in ng/mL 8.3 (3.5–21.8)

 Normal (≤5) 49 (24%)

 Elevated (≥5) 74 (37%)

 Not tested 77 (39%)

No. of dissected lymph nodes 9 (6–14)

T stage

 T = 4a (perforation/serosal invasion) 124 (62%)

 T = 4b (invasion of adjacent organs) 76 (38%)

N stage

 N = 0 (no positive regional lymph nodes) 68 (34%)

 N = 1a (1 positive regional lymph node) 34 (17%)

 N = 1b (2–3 positive regional lymph nodes) 30 (15%)

 N = 2a (4–6 positive regional lymph nodes) 32 (16%)

 N = 2b (7 or more positive regional lymph nodes) 31 (16%)

 N = X (regional lymph nodes cannot be assessed) 5 (3%)

Macroscopic tumor perforation 21 (11%)

Tumor differentiation

 Moderate 140 (70%)

 Poor 55 (28%)

 Undetermined 5 (3%)

Radical resection 186 (93%)

Neoadjuvant chemotherapy or radiotherapy 6 (3%)

Adjuvant chemotherapy 72 (36%)

Continuous variables are mean (±SD) or median (IQR), CEA carcinoembryonic antigen

 

The 30-day mortality rate was 4.5% (9 patients). Complications occurred in 25 patients 

(13%). This included anastomotic leakage (N = 14), intra-abdominal abscesses (N = 6), 

fascia dehiscence (N = 1), postoperative ileus (N = 1), internal herniation (N = 2), and 

postoperative bleeding (N = 1).
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A total of 127 patients (64%) had 1 or more positive lymph nodes during histopathological 

examination. Of these patients, 56 patients (44%) had adjuvant chemotherapy. The 

remaining patients did not undergo adjuvant treatment for several reasons, among others: 

serious comorbidity and age >75 years (N = 19), age >80 years (N = 21), synchronous 

peritoneal carcinomatosis (N = 22), synchronous distant metastases (N = 23), and major 

postoperative complications and death (N = 20). Median follow-up was 16 months (IQR, 

4–62 months), and median follow-up censored for deaths was 66 months (IQR, 18–89 

months).

Occurrence of peritoneal carcinomatosis

Synchronous PC was diagnosed in 46 patients (23%), and metachronous PC occurred 

in 33 patients (21%). There was no difference between patients with T4a and T4b stage 

disease for synchronous and metachronous PC: 23 versus 24%, P = 0.85 and 24 versus 

17%, P = 0.33, respectively. Median time of diagnosis of metachronous PC after first 

resection was 11 months (IQR, 6–16 months). The occurrence of metachronous PC over 

time is shown in Figure 1.

Figure 1, Kaplan–Meier curve for development of metachronous PC in patients undergoing 
resection of a T4 colorectal carcinoma (months)
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Patients with PC, compared with patients without PC, had significantly more lymph 

nodes involved at the first resection: median 1 (IQR, 0–4) versus 3 (IQR, 1–6), respectively 

(P = 0.001).

Distant metastases other than PC were diagnosed in 85 patients (43%). In 45 patients 

(23%), distant metastases were present at the time of the first resection. In this group 17 

patients (38%) also had synchronous PC. In 40 patients, distant metastases developed 

during follow-up. In 23 of these patients (58%) PC was also diagnosed. Distant 

metastases occurred more often in patients with PC than in patients without PC: 40 

patients (57%) versus 45 patients (35%), respectively (P = 0.02). The treatment for the 

79 patients with PC was: cytoreductive surgery and HIPEC (n = 7), best supportive care 

(N = 40), palliative chemotherapy (N = 30), and additional surgical resection (N = 2).

Risk factors of peritoneal carcinomatosis

The results of logistic regression analysis are summarized in Table 2. In univariable 

analysis, the following factors were significantly associated with PC: age (OR: 0.97, 

95%-CI 0.94–0.99, P = 0.03), radical resection (OR: 0.32, 95%-CI 0.11–0.91, P = 0.03), 

and N stage (OR: 1.63, 95%-CI 1.36–2.34, P = 0.008).

Table 2, Risk factors for the development of peritoneal carcinomatosis

Characteristic

Univariable analysis Multivariable analysis

Odds ratio 
(95%-CI) P value

Odds ratio 
(95%-CI) P value

Male sex 1.13 (0.63–2.01) 0.68 – –

Age 0.97 (0.94–0.99) 0.03 0.98 (0.95–1.01) 0.17

Preoperative CEA 1.00 (1.00–1.01) 0.49 – –

No. of dissected lymph nodes 0.99 (0.95–1.04) 0.79 – –

N stage 1.63 (1.36–2.34) 0.008 1.62 (1.12–2.34) 0.01

Macroscopic tumor perforation 0.69 (0.27–1.77) 0.44 – –

Tumor differentiation 1.68 (0.89–3.16) 0.11 – –

Other distant metastases  
at primary resection

1.10 (0.56–2.16) 0.78 – –

Radical resection 0.32 (0.11–0.91) 0.03 0.38 (0.17–1.16) 0.09

Neoadjuvant chemotherapy  
or radiotherapy

1.61 (0.62–4.32) 0.33 – –

Adjuvant chemotherapy 1.38 (0.77–2.48) 0.28   

CEA carcinoembryonic antigen
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In multivariable analysis, only the N stage was a significantly associated with PC (OR: 

1.62, 95%-CI 1.12–2.34, P = 0.01). When only focusing on synchronous PC, in the 

200 patients undergoing resection of a T4 tumor, the only factor significantly associated 

with synchronous PC in univariable analysis was N stage: OR: 2.1, 95%-CI 1.31–3.2,  

P = 0.002. For the 154 patients without synchronous PC who were at risk of developing 

metachronous PC, the only the potential risk factors that showed a trend with meta-

chronous PC were radicality of the resection and age: OR: 0.29, 95%-CI 0.08–1.03, P = 

0.06 and OR: 0.97, 95%-CI 0.94–1.00, P = 0.09, respectively. There was no significant 

association with N stage: OR: 1.19, 95%-CI 0.75–1.91, P = 0.46.

Survival

Kaplan–Meier disease-specific survival curves for the entire group and for patients with and 

without PC separately are shown in Figure 2. There was no difference in 1-year survival 

rates for patients with and without PC: 71 versus 73%. After 5 years, however, survival 

rates for patients with PC were lower than for patients without PC: 21 versus 58% (P < 

0.001). In an exploratory univariable analysis in the 154 patients at risk for metachronous 

PC, the factors associated with PC-free survival were: N stage (OR: 1.34, 95%-CI 1.02–

1.76, P = 0.04) and radical resection (OR: 0.48, 95%-CI 0.23–1.00, P = 0.05). 

Figure 2, Kaplan–Meier survival curve for patients undergoing resection of a T4 colorectal 
carcinoma (months)
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D i s c u s s i o n

In this study we investigated both the occurrence of PC in patients undergoing resection 

of a T4 colorectal carcinoma and the factors associated with the occurrence of PC. Our 

main findings are that: (1) synchronous PC was present in 46 of 200 patients (23%) 

and metachronous PC occurred in 33 of 154 patients (21%) during follow-up and 

(2) the number of lymph nodes involved during resection of the primary tumor was 

independently associated with PC. This association was, however, not demonstrated in 

the subgroup of patients at risk for metachronous PC.

There are few other studies on the occurrence and risk factors of PC in patients with T4 

colorectal carcinoma. Honoré et al. recently performed a high-quality systematic review 

on this topic in all patients with colorectal cancer.6 Based on 16 observational cohort 

studies published between 1940 and 2011 it was concluded that the current evidence 

on this topic is poor. No studies were identified that investigated the impact of lymph 

node invasion. In a 2012 analysis of the Regional Quality Registry of Stockholm County 

between 1995 and 2010, of 628 patients with T4 colorectal tumors a total of 106 

patients (17%) developed metachronous PC.15 In the total study population of 7,799 

patients undergoing resection of colorectal cancer (i.e., T1–T4 tumors), patients with 

colonic cancer, particularly right sided, advanced tumor and node status, and emergency 

and nonradical procedures had an increased risk of developing metachronous PC. Katoh 

et al. showed that the finding of intraperitoneal tumor cells, obtained by peritoneal 

lavage during first surgery for colorectal cancer, is a significant prognostic marker in 

patients with stage III colorectal cancer.16 The presence of intraperitoneal tumor cells 

in patients with stage III colorectal cancer is associated with a 5-year disease-specific 

survival of 14%, whereas in patients without intraperitoneal tumor cells the 5-year 

disease-specific survival rate was 79%.10,17 Remarkably, positive peritoneal cytology is 

more associated with hematogenous dissemination, than with intraperitoneal or local 

recurrence of cancer.

The rationale for this study was that some patients with T4 tumors may need special 

attention for the diagnosis of PC during primary resection or follow-up. Our results 

are clinically relevant for several reasons. Firstly, the 23% rate of synchronous PC in 

our study suggests that a diagnostic laparoscopy before elective resection in patients 

with radiological suspicion of a T4 colorectal cancer is worthwhile. Whereas many 

surgeons consider a T4 tumor a contraindication for laparoscopic resection, diagnostic 
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laparoscopy may identify PC in these patients, which could be a reason to combine 

a subsequent open colorectal resection with cytoreductive surgery combined and 

HIPEC.10,18–20 Secondly, patients who underwent first resection of a T4 tumor with a high 

risk to develop metachronous PC could undergo intensive follow-up for early detection 

of PC, for instance with the use of CT scan. It is commonly thought, however, that 

intensive follow-up is not worthwhile and planned second-look surgery in patients with 

a high risk of developing peritoneal metastases is more effective. Elias et al.21 previously 

analyzed the benefits of second-look surgery, 1 year after first resection. In patients 

with limited peritoneal deposits at the time of first surgery or perforation of the tumor, 

second-look surgery allowed an early detection of intraperitoneal dissemination in 

55% of asymptomatic patients.21 Patients in whom second-look surgery identified PC 

may subsequently undergo cytoreductive surgery combined with HIPEC. A randomized 

controlled trial is currently underway to evaluate this strategy.22 Theoretically, patients 

with a high risk of (developing) PC may even be offered prophylactic cytoreductive surgery 

combined with HIPEC. Ultimately this may improve the overall and disease-free survival in 

patients with T4 colorectal carcinoma. The question is, however, how to define patients 

with “high risk” for PC. In the previously mentioned systematic review by Honoré et 

al.,6 patients were defined as high risk (i.e., >50%) for recurrent PC if during primary 

resection there were isolated synchronous ovarian metastases or synchronous PC that 

were completely resected. Notably, patients with T4 tumors in general (which were the 

subject of the current study) were not considered high risk: Patients with a tumor invading 

the serosa and/or an adjacent organ had a risk of developing recurrent PC of between 8 

and 19%, which is comparable to the risk in the general colorectal cancer population.6 

In our study it we did not identify a risk factor that was significantly associated in logistic 

regression analysis with development of metachronous PC specifically. However, the 

sample size of patients at risk for metachronous PC was relatively small. Therefore, the 

absence of a statistically significant association in these patients, especially for N stage, 

which was a significant predictor for all PC in the entire group of 200 patients, could 

be a type II statistical error. To compensate for this we performed an exploratory Cox 

regression analysis evaluating PC-free survival in the patients at risk for metachronous 

PC. “N stage was significantly associated with PC-free survival. Although this does not 

show a direct relationship between N stage and metachronous PC, this may suggest a 

correlation between N stage and the development of metachronous PC.” In the future, 

only randomized studies can prove that cutoff for ‘high risk’: should be used and when 
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the potential benefit of preventive HIPEC outweighs the additional risk of morbidity and 

mortality of this procedure.

A shortcoming of this study is the retrospective design. During follow-up, the occurrence 

of metachronous PC was solely recorded on the basis of clinical presentation and not 

by routine CT scanning or diagnostic laparoscopy or second-look laparotomy. This may 

have resulted in an underestimation of the occurrence of PC, which in reality might be 

higher than reported in our study. However, it is not likely this affected the results of the 

evaluation of the association of several patient, operation, and tumor characteristics with 

the development of PC.

In our study, we only included patients with T4 tumors, whereas patients with lower 

T-stage tumors may also develop PC. We specifically chose this study design because we 

anticipated that the occurrence of PC would be very low in patients with lower T-stage 

tumors, resulting in loss of statistical power. Moreover, the subgroup of patients with T4 

tumors is relatively homogeneous and easy to identify in daily clinical practice. Especially 

for these patients, it is expected to be worthwhile to identify PC at an early stage, also 

from a cost-effectiveness point of view. The number of patients in our study who were 

treated with adjuvant chemotherapy following resection of a T4 tumor (54%) appears 

to be low. This is, however, in line with major international series from the same study 

period and is explained by the fact that the study population consisted of patients with 

advanced disease (i.e., high incidence of synchronous distant metastases and PC) and 

relatively high age and comorbidity rate.23,24

In conclusion, around 1 in 5 patients undergoing resection of a T4 colorectal carcinoma 

either have PC during primary resection or develop PC during follow-up. The number 

of positive lymph nodes was associated with PC in the entire group of patients with 

synchronous and metachronous PC. However, none of the clinical or pathological 

variables were associated with the risk of metachronous PC and therefore cannot be 

used to develop targeted surveillance strategies.
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A b s t r a c t

Background

Patients with gastric cancer frequently develop peritoneal recurrence. New treatment 

strategies, including intraperitoneal chemotherapy, aim at decreasing the risk of 

peritoneal recurrence. The aim of the current study is to identify risk factors for peritoneal 

dissemination after potentially curative treatment in gastric cancer patients. 

Methods

With a systematic search in PubMed and Embase, studies describing peritoneal recurrence 

following curative resection in gastric cancer patients were identified. Pooled odds 

ratios, with corresponding 95% confidence intervals (CI), were calculated for various 

parameters. 

Results

After abstract and full-text selection of 2202 citations, 47 studies were eligible for 

inclusion in meta-analysis, including 18472 patients. Pooled odds ratios were highest for 

serosal invasion (OR: 5.95, 95%-CI 4.28–8.25, P < 0.00001), lymph node involvement 

(OR: 3.82, 95%-CI 2.82–5.16, P < 0.00001), and positive peritoneal cytology (OR: 18.49, 

95%-CI 6.95–49.22, P < 0.00001). The following factors were also associated with 

peritoneal recurrence: vascular invasion (OR: 2.64, 95%-CI 1.92–3.64, P < 0.00001), 

lymphatic invasion (OR: 2.15, 95%-CI 1.33–3.46, P = 0.002), differentiation (OR: 2.33, 

95%-CI 1.79–3.04, P < 0.00001), and female sex (OR: 1.38, 95%-CI 1.15–1.66, P = 

0.0004). Location of the primary tumor was not associated with an increased risk of 

peritoneal recurrence. 

Conclusions 

Positive peritoneal cytology, serosal invasion, and lymph node involvement appear to 

be predictors for peritoneal recurrence following curative resection in gastric cancer 

patients. This information is crucial in designing studies aiming at the timely diagnosing, 

prevention and treatment of peritoneal metastases in gastric cancer.
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B a c k g ro u n d

Even after potentially curative treatment, patients with gastric cancer have a poor 

prognosis. In Europe, the current 5-year relative survival rate patients is approximately 

25%, ranging from 11.9% to 34.5% in different series.1 Perioperative chemotherapy 

has shown to improve survival in patients with resectable gastric cancer and has become 

the standard of care.2,3 Nonetheless, disease recurrence following resection remains a 

prevalent problem. Peritoneal dissemination is the main site of recurrence in patients 

with gastric cancer.4,5 Survival in patients with peritoneal dissemination of gastric cancer 

is extremely poor, and limited to only a few months.6

The role of cytoreductive surgery and perioperative intraperitoneal chemotherapy both 

in patients with manifest peritoneal metastases and primary gastric cancer patients 

at risk for peritoneal dissemination has been studied in numerous studies.7-9 Several 

studies have suggested that in selected patients cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy (HIPEC) may decrease the rate of peritoneal recurrence 

and improve survival. Knowledge of the risk factors for peritoneal recurrence is crucial 

for in the development of tailored screening programs for early detection and early or 

prophylactic treatment of peritoneal carcinomatosis. This study aims, by performing 

a systemic literature search, to identify risks factors for peritoneal dissemination after 

potentially curative surgery in gastric cancer patients. 

M e t h o d s

A comprehensive search of PubMed and Embase was performed to identify studies 

describing the occurrence of peritoneal carcinomatosis after curative resection of gastric 

cancer. All studies in the English, German or Dutch language published between 1948 

and January 2014 were included. The search queries are available as supplement. All titles 

were independently screened for eligibility by two independent reviewers (HB and EvR) 

and an abstract analysis of all selected titles was carried out to limit accidental exclusion 

of relevant articles. Following abstract selection full-text screening was performed. 

Disputes in the full-text selection were resolved with a discussion and consensus. 

Inclusion criteria were human studies, either retrospective or prospective, describing the 

incidence of metachronous PC following curative treatment of gastric adenocarcinoma. 
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Studies had to describe the exact number of patients treated with curative intent and the 

exact number of patients with peritoneal recurrence. An analysis on clinicopathological 

factors associated with the incidence of peritoneal recurrence had to be presented. 

Curative treatment was defined as complete macroscopic resection of the primary tumor. 

At least ten patients had to be reported in a study to be eligible for inclusion. Studies 

investigating gastrointestinal stromal cell tumors, carcinoid tumors or lymphomas were 

excluded, as were case reports or reviews. Of the selected articles, the references were 

checked for relevant studies missed by the initial search. In case of multiple publications 

of the same patient cohort, the most complete or most recent article was selected. 

From the studies clinicopathological risk factors were identified. Factors presented in 

at least five separate publications were analyzed. The quality of the included studies 

were determined using the Newcastle-Ottowa scale for cohort studies, in which the 

selection process and the ascertainment of the outcome are awarded with stars, with a 

maximum of seven stars.10 Six or seven stars was regarded as high quality, four or five 

stars as intermediate and less than three stars as low quality. Pooled odds ratios (OR) 

and pooled incidence rates, with corresponding 95% confidence intervals (95%-CI), 

were calculated using the Mantel Haenszel methodology and DerSimonian and Laird 

method with random effects, respectively. The extent of heterogeneity is presented using 

I2, in which a higher percentage of I2 reflects more statistical heterogeneity. Analyses 

were performed using Review Manager (Version 5.2. Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2012). The protocol of this systematic review was 

registered in the PROSPERO database (CRD42014008897).

R e s u l t s

The literature search identified 2202 unique studies, of which after title and abstract 

selection, 495 were eligible for inclusion. Of five selected citations the full-text article 

could not be retrieved (1%). After full-text review, 46 publications were selected for 

inclusion and analysis. Failure to mention either the exact number of patients treated or 

the rate of peritoneal recurrence, appeared the main reason for study exclusion. A flow-

chart of the study is provided in Figure 1. An overview of all included studies is available 

in the supplement. 
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Figure 1, flow diagram

All studies combined represent 18472 curatively treated gastric cancer patients of which 

2310 (12.5%) developed peritoneal recurrence. The pooled incidence of peritoneal 

recurrence in all studies was 14.6% (95%-CI: 12.6 – 16.6). Most studies were performed 

in Japan (N= 22), China (N = 6), Italy (N = 5) or Korea (N = 5), other studies originated 

from USA (N = 2), Brazil (N = 2), Taiwan (N = 2), France (N = 1), Germany (N = 1). The 

median follow-up period in selected studies was 41.5 months with a range of 18 – 108 

months. An overview of all included parameters with respective pooled incidence rates, 

pooled odds ratios and confidence intervals in given in Table 1.
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Table 1, overview of investigated clinicopathological parameters and pooled incidence ratios of 
peritoneal recurrence risk

Parameter Pooled 
incidence 
(%)

95%-CI Pooled 
OR

95%-CI P value

Positive cytology
Negative cytology

64.1
10.2

48.4 – 
5.6 – 

79.8
14.8

18.49
-

6.95 - 49.22
-

< 0.00001
-

Serosal invasion
No serosal invasion

27.3
6.4

23.1 – 
4.8 – 

31.4
8.1

5.95
-

4.28 - 8.25
-

< 0.00001
-

Nodal involvement
No nodal involvement

19.6
3.2

14.5 – 
2.4 – 

24.8 
4.0

3.82
-

2.82 – 5.16
-

< 0.00001
-

Laurén classification:
 Diffuse
 Intestinal

24.2
9.6

15.0 – 
5.4 – 

33.4
13.9

3.06
-

2.05 - 4.57
-

< 0.00001
-

Vascular invasion
No vascular invasion

22.1
9.6

10.3 – 
5.5 – 

33.9
13.7

2.64
-

1.92 – 3.64
-

< 0.00001
-

Undifferentiated
Differentiated

15.2
5.8

10.6 – 
3.7 – 

19.8
7.8

2.42
-

1.94 – 3.02
-

< 0.00001
-

Lymphatic invasion
No lymphatic invasion

16.9
8.0

9.5 – 
4.8 – 

24.3
11.2

2.15
-

1.33 – 3.46
-

0.002
-

Female
Male

18.1
12.1

11.7 – 
7.8 – 

24.4
16.4

1.38
-

1.15 – 1.66
-

0.0004
-

Upper
Middle
Lower

16.6
15.1
15.7

9.4 – 
9.3 – 
9.7 – 

23.8
20.9
21.6

1.10a

-
1.05b

0.89 – 1.36a

-
0.85 – 1.29b

0.37a

-
0.15b

Adjuvant 
chemotherapy
No adjuvant 
chemotherapy

15.6

17.9

7.6 –

9.4 –

23.5

26.4

0.82

-

0.36 – 1.86

-

0.63

-

aUpper versus middle + lower, bLower versus middle + upper 

Cytology

Twelve studies reported on the peritoneal recurrence rates in patients with positive 

peritoneal cytology.11-22 The pooled odds ratio was 18.49 in patients with positive 

peritoneal cytology (95%-CI: 6.95 - 49.22, P < 0.00001, Figure 2). In the analyzed 

studies, the pooled incidence rate of peritoneal recurrence was 64.1% and 10.2% in 

patients with or without positive cytology, respectively (95%-CI: 48.4% - 79.8%, and 

5.6% - 14.8%, respectively). Eleven of the twelve studies showed a significant increased 

rate of peritoneal recurrence in patients with positive cytology.
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Figure 2, forest plot of influence of positive peritoneal cytology on peritoneal recurrence risk

Tumor stage

Tumor staging was subject in 24 studies reporting peritoneal recurrence following 

curative resection.15,19,23-44 As shown in Figure 3, patients with serosal invasion (T4 

tumors according to 7th TNM classification) were significantly more at risk of peritoneal 

recurrence compared to patients without serosal invasion (OR: 5.95, 95%-CI 4.28–8.25, 

P < 0.00001). The pooled incidence rate of peritoneal recurrence was 27.3% (95%-CI 

23.1–31.4%) in patients with serosal invasion, compared to 6.4% (95%-CI 4.8–8.1%) 

in patients without serosal invasion. There was a wide variation between studies in the 

recurrence rates for both serosal positive patients (9.4–50%) and in serosal negative 

patients (0.6–37%), resulting in a heterogeneity (I2) of 82%. In only 2 of the 24 studies, 

serosal invasion was not significantly associated with an increased rate of peritoneal 

recurrence.25,41
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Figure 3, forest plot of influence of serosal invasion on peritoneal recurrence risk

 

Nodal stage

Twenty-three studies reported on peritoneal recurrence with a stratification between 

the presence or absence of lymph node metastasis.12,19,25,26,28-30,33,34,36,37,39-43,45-51 The forest 

plot of the association between lymph node metastasis and peritoneal recurrence is 

shown in Figure 4. The pooled odds ratio for peritoneal recurrence was 3.82 in patients 

with lymph node metastasis (95%-CI 2.82–5.16, P < 0.00001, I2 = 62%). The pooled 

incidence rate of peritoneal recurrence in all node positive patients was 19.6% and 

3.2% in node negative patients (95%-CI 14.5–24.8% and 2.4–4.0%, respectively). In 

14 of the 23 studies, node positivity was significantly associated with an increased risk to 

develop peritoneal recurrence.
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Figure 4, forest plot of influence of lymph node involvement on peritoneal recurrence risk

 

Pathology

An increased pooled odds for the development of peritoneal recurrence was found 

for the presence of vascular invasion (OR: 2.64, 95%-CI 1.92–3.64, P < 0.00001, I2 = 

14%) and lymphatic invasion (OR: 2.15, 95%-CI 1.33–3.46, P = 0.002, I2 = 65%). In 

the Laurén classification, patients with diffuse type gastric cancer had an odds of 3.06 

(95%-CI 2.05–4.57, P < 0.00001, I² = 79%) compared to intestinal type gastric cancer. 

A comparison was made between undifferentiated and differentiated cell types. Well 

or moderate differentiated carcinoma was classified as differentiated type, and poor, 

signet or mucinous carcinoma was classified as undifferentiated type. Patients with 

undifferentiated tumors had a significant higher pooled odds of 2.42 (95%-CI 1.94–

3.02, P < 0.00001, I2 = 21%) compared to differentiated tumors. The forest plots of the 

pathological parameters are available as supplement. 



Chapter 3

46

Gender

Fourteen studies were identified describing the impact of patients’ gender on the risk 

of peritoneal recurrence.12,23,26-28,34,44,45,49-54 The pooled odds ratio was 1.38 (95%-CI 

1.15–1.66, P = 0.0004, Figure 5) for female patients. The pooled incidence rate of PC 

was 18.1% for female (95%-CI 11.7–24.4%) and 12.1% for male patients (95%-CI 

7.8–16.4%). 

Figure 5, forest plot of influence of sex on peritoneal recurrence risk

 

Location of the primary tumor

For the influence of the anatomic location of the primary tumor on peritoneal recurrence 

two separate analyses were performed, including 11 studies.12,19,23,27,28,41,43,45,48,53,55 Patients 

with tumors located in the upper part of the stomach were compared to patients with 

the primary tumor located in the middle or lower part of the stomach. Additionally, a 

comparison was made between patients with a tumor in the upper or middle part of the 

stomach compared to patients with the tumor located in the lower part of the stomach. 

No significant difference was seen in the odds for the development of peritoneal 

recurrence. The pooled odds ratio in the comparison between upper versus middle and 

lower was 1.10 (95%-CI 0.89–1.36, P = 0.37, I2 = 9%) and in the comparison between 

lower versus middle and upper location of the tumors the pooled odds was 1.05 (95%-

CI 0.85–1.29, P = 0.15, I2 = 32%). The forest plots of the comparisons are available 

as supplement. Only two individual studies showed a significant difference in risk of 
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peritoneal recurrence in relation to the location of the primary tumor, with a higher rate 

of peritoneal recurrence in the patients with a tumor located in the upper or middle 

part of the stomach.53,55 The pooled incidence rate was 15.7% (95%-CI 9.7–21.6%) in 

tumors located in the lower part, 16.6% (95%-CI 9.4–23.8%) in tumor located in the 

upper part of the stomach, and 15.1% (95%-CI 9.3–20.9%) for tumors located in the 

middle part of the stomach.

Adjuvant chemotherapy

Five studies reported the use of adjuvant chemotherapy in relation to the occurrence of 

peritoneal recurrence. Both within studies and between studies there was a wide range 

of chemotherapeutic regimens; most regimes were based on fluoropyrimidine, platinum 

agents, mitomycin or a combination of these. The pooled odds ratio between patients 

with or without adjuvant chemotherapy did not show any difference in the occurrence of 

peritoneal recurrence (OR: 0.82, 95%-CI 0.36–1.86, P = 0.63). The pooled incidence rate 

was 15.6% (95%-CI 7.6–23.5%) and 17.9% (95%-CI 9.4–26.4%) in patients receiving 

adjuvant chemotherapy or no adjuvant chemotherapy, respectively.

D i s c u s s i o n

In this study, we present systemically gathered data from the literature on clinico-

pathological risk factors for peritoneal recurrence following curative resection in gastric 

cancer patients. The most important risk factors for peritoneal recurrence were: positive 

peritoneal cytology, serosal invasion of the tumor, and lymph node involvement. 

Lymphatic invasion, vascular invasion, differentiation, Laurén classification and gender 

were shown to be less predictive for the development of peritoneal metastases. Location 

was of no influence on the risk of peritoneal carcinomatosis following curative resection.

Free intraperitoneal cancer cells, which are believed to shed from the primary tumor after 

serosal invasion, are assumed to be the most important contributors to the development 

of peritoneal recurrence. This paradigm is substantiated by the results presented in our 

study, as positive peritoneal cytology and serosal invasion were strongest correlated 

to peritoneal recurrence. Lymph node involvement was also significantly associated 

with peritoneal recurrence, which suggests that other forms of dissemination, apart 

from the transgastric shedding of cancer cells, may play a role in the development of 
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peritoneal recurrence. Possibly dissection of lymphatic vessels at operation may lead to 

intraperitoneal spread of free cancer cells. 

In our study, female gastric cancer patients had an increased risk of peritoneal recurrence 

compared to male patients (OR: 1.38, 95%-CI 1.15–1.66, P = 0.0004). A gender 

influence on incidence, prevalence of synchronous peritoneal metastasis, and prognosis 

in gastric cancer patients has previously been described in multiple studies.56-58 In several 

studies, estrogen has shown to be protective for gastric cancer57. However, differences 

in diet, medication and occupational exposure may partly explain the gender difference 

in gastric cancer incidence. Future research should elucidate more on the influence of 

gender, and possible underlying sex hormones, in the specific metastatic patterns of 

gastric cancer patients. 

Perioperative chemotherapy has shown to increase the overall survival in patients with 

resectable gastric cancer.59 There is currently limited evidence regarding the effect of 

chemotherapy on the prevention of peritoneal recurrence. Adjuvant chemotherapy did 

not show a significant decrease in the occurrence of peritoneal recurrence following 

curative resection, which suggests that systemic chemotherapy has a limited penetration 

and benefit on cancer cell located in the peritoneal cavity. Possibly, the paradigm that 

peritoneal carcinomatosis results from transgastric shedding of free intraperitoneal 

cancer cells, may partly explain the limited effect of systemic chemotherapy in peritoneal 

carcinomatosis. However, these in results showed be interpreted with great caution, 

as there was great heterogeneity among the chemotherapeutic regimes used in the 

different studies, while patient selection also may have markedly affected the results. 

Furthermore, this study was not aimed at investigating the influence of adjuvant 

chemotherapy on peritoneal recurrence.

The mechanism of the development of peritoneal metastasis in gastric cancer patients 

is believed to be influenced by several other factors which were not investigated in the 

current study. For instance, intraoperative damage to the peritoneal surface, which is 

associated with specific immune responses, may promote adhesions and growth of free 

intraperitoneal tumor cells. This immune response may be influenced by perioperative 

stress and medication. Furthermore, also gene expression profiles are considered to play 

a role in the development of peritoneal recurrence in gastric cancer patients.41,60 Future 

research on genomic predictors for the different recurrence patterns may possibly result 

in a more accurate individual prediction of peritoneal recurrence.
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Unfortunately it was not possible in our study to perform multivariate analyses and 

to give definite conclusions on the independent magnitude of the presented risk 

factors. Multivariate analysis requires individual patient data. Because of the significant 

heterogeneity in patient selection, treatment, follow-up and outcome between the 

different studies multivariate analysis was considered not appropriate. 

Only one of the included studies used reoperation to determine the presence of peritoneal 

recurrence.25 Second-look surgery is required to accurately determine peritoneal 

recurrence, as regular imaging techniques are insufficient to diagnose the presence of 

small peritoneal metastases accurately, as frequently only large peritoneal nodules or 

the sequelae of peritoneal carcinomatosis (e.g. ascites) are detected by imaging.61 As a 

consequence, the actual peritoneal recurrence rates in the studies included in our review 

will probably have been higher than presently reported. Within each study, detection of 

peritoneal recurrence was performed uniformly; therefore the calculated odds ratios are 

valid and can be considered the true representation of the increased odds of peritoneal 

recurrence.

Although palliative systemic chemotherapy is increasingly applied in patients with 

peritoneal carcinomatosis of gastric cancer, the beneficial effect on survival in these 

patients remains questionable, and survival with only systemic chemotherapy rarely 

exceeds one year.6 The limited benefit of palliative chemotherapy in patients with 

peritoneal carcinomatosis supports the idea that systemic administration of chemotherapy 

has a poor penetration in the peritoneal cavity. This suggests further research should be 

focus on alternative administration routes of chemotherapy, such as HIPEC. The poor 

survival of patients with peritoneal recurrence warrants improvements in prevention, 

timely diagnosis and treatment. A study of Inoue et al. in 21 gastric cancer patients 

with peritoneal metastasis or positive peritoneal cytology has shown that second-look 

laparoscopy is feasible and can be performed safely.62 The efficacy and applicability of this 

follow-up strategy is currently unknown. Intraperitoneal chemotherapy in the treatment 

of peritoneal carcinomatosis of various malignancies is generally most successful in limited 

disease, without distant metastases, in which a macroscopic complete cytoreduction can 

be performed. This substantiates the need for accurate prediction of peritoneal recurrence 

in patients with gastric cancer, as early treatment may result in an improved long-term 

outcome. Several studies have suggested beneficial effects of adjuvant intraperitoneal 

chemotherapy in gastric cancer patients at risk of peritoneal recurrence.63
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A majority of studies included in our analysis originated from Asian countries (74%). 

Other authors have addressed the issue that the prevalence, treatment and prognosis 

of gastric cancer show significant regional differences, especially when comparing Asian 

with Western populations.64 The regional differences may partly be explained by the 

early stage of diagnosis and more aggressive surgical approach. However, biological 

differences, such as different genetic polymorphisms, may play a role.65 For instance, 

interleukin-10 polymorphisms, of which are associated with the outcome in gastric 

cancer patients, has shown to have a significant race-variation.66

In conclusion, positive peritoneal cytology, serosal invasion and lymph node involvement 

appear to be the strongest predictors for peritoneal recurrence following curative 

resection in gastric cancer patients. This information is valuable when designing studies 

aimed at prevention, early detection, and treatment of peritoneal metastases of gastric 

cancer. The high rate of peritoneal recurrence in certain groups of gastric cancer patients 

warrants further research aimed at the multimodality treatment of peritoneal metastases 

in these patients.
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S u p p l e m e n t a r y  m a t e r i a l

PubMed search query:

((((((“Peritoneal Neoplasms”[Mesh]) OR ((((“Peritoneum”[Mesh]) OR peritone*[Title/

Abstract])) AND ((“Neoplasms”[Mesh:NoExp]) OR ((cancer OR carcinoma* OR tumor* 

OR tumour* OR neoplasm*[Title/Abstract])))))) AND ((“Stomach Neoplasms”[Mesh]) 

OR ((((“Neoplasms”[Mesh:NoExp]) OR ((cancer OR carcinoma* OR tumor* OR 

tumour* OR neoplasm*[Title/Abstract])))) AND ((stomach OR gastric[Title/Abstract]))))) 

AND ((((“Neoplasm Metastasis”[Mesh]) OR “Neoplasms, Second Primary”[Mesh])) 

OR metastas*[Title/Abstract]))) AND ((english[Language] OR german[Language] OR 

dutch[Language]))

Embase search query:

(‘stomach’/exp OR stomach AND (‘cancer’/exp OR cancer)) OR (gastric AND (‘cancer’/exp 

OR cancer)) OR (‘stomach tumor’/exp) AND (‘peritoneum metastasis’/exp) OR (‘stomach’/

exp OR stomach AND (‘cancer’/exp OR cancer)) OR (gastric AND (‘cancer’/exp OR 

cancer)) OR (‘stomach tumor’/exp) AND (‘metastasis’/de) OR (secondary AND (‘cancer’/

exp OR cancer)) AND (‘peritoneum cancer’/exp) OR (‘peritoneum’/exp OR peritone*) 

AND (‘carcinoma’/exp OR carcinoma OR ‘carcinomatosis’/exp OR carcinomatosis) OR 

(‘cancer’/exp OR cancer)

Supplementary table 1, included studies

Author Year Country N 
curative

N PC Treatment
period

Follow-up
(months)

Stars

Abe S 1995 Japan 94 17 1979-1992 NR 5

Aoyagi K 2005 Japan 40 10 1990-2000 NR 2

Chou HH 2013 Taiwan 448 28 1994-2006 79 7

Deng J 2012 China 456 120 1997-2003 54 6

Fanelli MF 2009 Brazil 162 23 1994-2004 NR 5

Guadagni S 1997 Italy 172 4 1974-1987 84 5

Gunderson LL 1982 USA 105 44 1949-1971 NR 3

Gunji Y 2003 Japan 305 3 1987-1997 108 5

Honore C 2013 France 424 81 1997-2010 54 5

Huang B 2013 China 685 137 1980-2006 30 6

Huang KH 2009 Taiwan 372 26 1988-2005 31 6

Ito H 2011 Japan 327 2 2001-2010 31 6
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Author Year Country N 
curative

N PC Treatment
period

Follow-up
(months)

Stars

Kamei T 2009 Japan 146 29 1992-2003 92 6

Katai H 1994 Japan 1976 304 1967-1986 NR 4

Kobayashi O 2006 Japan 216 46 1988-2002 19 2

Kodera Y 1998 Japan 131 8 NR 18 5

Kunisaki C 2004 Japan 297 37 1985-1999 70 4

Kunisaki C 2006 Japan 733 26 1975-1997 67 4

Lee HJ 2003 Korea 1452 4 1986-1995 58 5

Lee IS 2013 Korea 424 25 2003-2005 63 5

Lee J 2013 Korea 528 11 2004-2011 24 4

Lee, JH 2013 Korea 805 144 2003-2009 42 3

Li F 2013 China 528 32 1997-2000 NR 6

Li JK 2005 China 64 19 1995-1997 39 3

Maehara Y 1995 Japan 323 64 1965-1987 114 4

Maehara Y 1996 Japan 1107 104 1965-1987 144 5

Manzoni G 2006 Italy 168 16 1992-2002 64 7

Marrelli D 2002 Italy 412 72 1988-1995 42 5

Muratore A 2009 Italy 200 25 2000-2006 42 5

Nakajima T 1978 Japan 430 67 1961-1966 120 6

Nekarda H 1999 Germany 118 18 1987-1990 64 5

Nishiyama M 1995 Japan 118 14 NR NR 6

Ribeiro Jr U 1998 Brazil 17 3 1991-1992 60 2

Roviello F 2003 Italy 441 77 1988-1996 48 5

Schwarz RE 2002 USA 73 19 1990-2000 30 5

Song J 2010 Korea 1417 16 1998-2005 41 6

Sun Z 2011 China 1250 347 1986-2008 32 6

Takeno A 2010 Japan 56 18 2003-2006 34 2

Tanaka A 1994 Japan 207 65 1982-1989 NR 1

Tateishi M 1995 Japan 602 50 1980-1989 NR 4

Tokuda K 2003 Japan 136 16 1997-1999 27 3

Ueno H 2003 Japan 78 13 1998-2001 30 2

Wakatsuki K 2009 Japan 52 14 1990-2007 18 2

Yokoyama T 2011 Japan 86 8 2000-2008 72 5

Yonemura Y 2001 Japan 152 48 1996-1999 29 2

Zhu GL 2012 China 139 56 1980-2009 NR 4
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A b s t r a c t

Background

The aim of this study is to compare the clinical outcome of a one-stage, primary tumor 

resection and hyperthermic intraperitoneal chemotherapy (HIPEC) procedure, versus a 

two-stage procedure of tumor resection and secondary HIPEC in colorectal cancer (CRC) 

patients with synchronous peritoneal carcinomatosis.

Methods

A prospective database of all patients treated with HIPEC in the St. Antonius Hospital in 

the Netherlands between 2005 and 2012 was analyzed.

Results

A total of 72 patients with synchronous peritoneal carcinomatosis (PC) from CRC were 

included. In 20 patients (27.8%) the primary tumor was resected simultaneously with 

HIPEC (early referral). In the other 52 patients (72.2%) the primary tumor was resected 

prior to the HIPEC procedure (late referral). During CRS + HIPEC following late referral, 

22 (59.5%) of the 37 anastomoses of the earlier operation were resected, revealing 

malignancy in 12 (54.5%) on histopathological examination. In twenty (27.8%) patients 

a permanent colostomy was constructed after HIPEC. Ten of these patients had complete 

bowel continuity after earlier primary resection. The relaparotomy rate was higher in 

patients after a resection of a previous anastomosis (36.4%) compared to 12% in the 

rest of the patients (P = 0.02).

Conclusions

Resection of the primary tumor simultaneously with HIPEC in patients with synchronous 

PC from CRC may prevent extended bowel resections and permanent colostomy. Our 

data support early referral of patients with PC from colorectal cancer.



HIPEC during primary tumor resection compared to two-stage procedure

61

4

B a c k g ro u n d

Patients with peritoneal carcinomatosis (PC) of colorectal cancer (CRC) have poor a 

prognosis with conservative treatment. Even with the most recent systemic chemotherapy 

regimens a median overall survival of 12.7 months and 5-year survival rate of 4.1% is 

achieved.1 A relative new treatment for this disease is cytoreductive surgery (CRS) plus 

Hyperthermic IntraPEritoneal Chemotherapy (HIPEC). CRS + HIPEC, as developed by 

Sugarbaker2, and involves removing the diseased peritoneum and viscera with the aim 

of eliminating all the visible peritoneal lesions within the abdomen. Subsequently, heated 

chemotherapy is administered intra-abdominally to remove any residual tumor cells.

This treatment modality is increasingly applied and gaining acceptance as a standard 

treatment in PC-CRC patients. Meta-analysis of the published studies has shown 

significant survival benefit over control groups.3 A median survival of up to 63 months 

has been reported in retrospective series.4 To achieve similar results adequate patient 

selection is essential. Current criteria for patients expected to benefit most of CRS + 

HIPEC are: good performance status, low volume of peritoneal disease (peritoneal 

carcinomatosis index (PCI) < 15),5 and absence of unresectable extra-abdominal 

metastases6. Completeness of cytoreduction score (CCR), which qualifies the extent 

of residual disease after cytoreductive surgery (CCR-0, no macroscopic residual cancer 

remaining; CCR-1, no residual nodule >2.5 mm, and CCR-2, residual nodules >2.5 mm 

in greatest dimension) is well established prognostic indicator following CRS + HIPEC.5, 6 

The decision to include a patient in this multimodal therapy should be taken individually 

for each patient after interdisciplinary evaluation.7

Generally this procedure is performed in specialized referral institutions. When patients 

are referred for this treatment frequently the primary tumor is already resected. In this 

study we compared the outcome of simultaneous resection of the primary tumor and 

HIPEC (early referral) to a resection of the primary prior to CRS + HIPEC (late referral).

M e t h o d s

Patients and procedure

Between March 2005 and January 2012 124 patients with PC from CRC (without pseudo-

myxoma peritonei) underwent cytoreductive surgery and HIPEC, of these 72 patients 
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(58.1%) had synchronous PC. Patients with unresectable extra-abdominal metastases 

were excluded for this treatment. Patients in which macroscopic radical resection could 

not be performed (CCR > 1) were excluded from this analysis. All procedures were 

carried out in the St. Antonius Hospital by two surgeons experienced in HIPEC (MW, 

BvR). We previously described our CRS + HIPEC technique extensively.8 In summary, after 

laparotomy, the peritoneal tumor load is recorded using the simplified peritoneal cancer 

score.9 Subsequently, all suspected lesions are surgically removed from the abdomen, 

the decision to perform a resection of a previous anastomoses is made by clinical 

judgment and occasionally frozen section when there is suspicion of tumor infiltration of 

the anastomosis. After cytoreductive surgery, 28-French catheters are placed through a 

plastic sheet covering the laparotomy with the skin edges pulled up against a retractor. 

The peritoneal cavity is perfused with at least 3 L of isotonic dialysis fluid with an inflow 

temperature of 42 °C. When the intraperitoneal temperature reaches a stable 41 °C, 

mitomycin is added to the perfusate at 17.5 mg/m2 and an additional 8.8 mg/m2 at an 

interval of 30 and 60 min. Intraperitoneal infusion is continued for 90 min. Next, the 

perfusion fluid is drained from the abdomen and bowel continuity is restored and intra-

abdominal drains placed where appropriate.

Data collection

A prospective database of all patients undergoing CRS + HIPEC in the St. Antonius 

Hospital, Nieuwegein, The Netherlands, was retrospectively analyzed using the following 

parameters: date of birth, sex, length of colonic resection at HIPEC, bowel continuity, 

formation of ostomy, number of anastomoses, post-operative complications, disease 

recurrence and date of death. Intact bowel continuity was regarded as no ostomy or 

presence of a diverting ostomy. Patients were divided into two cohorts: in the first cohort 

the primary tumor was in-situ when performing CRS + HIPEC and was resected during 

the same procedure (early referral). Appendectomy, without colonic resection, was not 

regarded as a primary resection. In the second cohort patients were included whom 

had a resection of the primary tumor prior to the HIPEC procedure (late referral). Post-

operative complications were graded according to the Clavien–Dindo classification.10 

Missing data regarding follow-up were retrieved from the respective general practitioners 

when possible.
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Statistical analysis

The Kolmogorov–Smirnov test was used to assess whether continuous data were normally 

distributed. Continuous data are presented as mean ± standard deviation (SD) and in 

case of non-normal distributions as median (range). Categorical data are presented as 

exact number and percentage. Pearson Chi-square, Student’s t-test or Mann–Whitney 

U test were used for comparison where applicable. For overall survival and disease-free 

survival, time to event was calculated as time from cytoreductive surgery until death or 

time to last contact, if the patient was alive. All analyses were performed by SPSS, version 

19. A P value less than 0.05 was considered statistically significant.

R e s u l t s

Baseline characteristics

Twenty of the 72 patients (27.8%) had a resection of the primary tumor followed by CRS 

+ HIPEC in one session (early referral). Of these 20 patients, 15 had prior non-resective 

surgery for colorectal malignancy. In 4 patients an appendectomy was performed and 

in 4 patients a diverting ostomy was created, in the other 7 patients a simple diagnostic 

laparotomy with inspection of the abdomen was performed, commonly with biopsies to 

confirm malignancy.

Fifty-two patients had a resection of the tumor prior to the HIPEC procedure (late 

referral). The following resections were performed: 5 left hemicolectomies, 16 right 

hemicolectomies, 27 rectosigmoid resections and 4 ileocecal resections. A primary 

anastomosis was created in 37 patients (71.1%). In the other 15 patients (28.9%) an 

end ileo- or colostomy was formed after the resection.

The baseline characteristics, with a comparison between the early and late referral 

cohorts, are depicted in Table 1. The median interval between initial diagnosis and HIPEC 

procedure was significantly shorter in the early referral group, 47 days versus 111 days 

(P < 0.001). One patient in the early referral group had a significant longer interval of 

160 days, between the initial diagnosis of the malignancy and the HIPEC procedure due 

to neoadjuvant chemoradiotherapy administered before peritoneal dissemination was 

diagnosed. Additionally, the median duration between the first operation and the HIPEC 

procedure was 37 days (range 8–85) in patients with non-resective prior surgery, which 

was significantly shorter (P < 0.001) compared to patients whom already underwent a 



Chapter 4

64

resection; median 93 days (range 42–175).

Table 1, Baseline characteristics

Characteristics All patients  
N = 72 (%)

HIPEC + resection 
early referral  
N = 20 (%)

HIPEC after 
resection late 
referral N = 52 (%)

P value

Sex

 Male 44 (61.1) 12 (60) 32 (61.5)

 Female 28 (38.9) 8 (40) 20 (38.5) 0.91

Age (Yr) (mean ± SD) 59.5 ± 9.3 60.2 ± 9.0 59.2 ± 9.2 0.68

Location

 Rectosigmoid 37 (51.4) 8 (40) 29 (55.8)

 Colon 26 (36.1) 7 (35) 19 (36.5)

 Appendix 9 (12.5) 5 (25) 4 (7.7) 0.12

Simplified peritoneal 
cancer score (median) 
(range)

4 (0–11) 4 (1–10) 4 (0–11) 0.52

Days between diagnosis 
and HIPEC (median) 
(range)

101 (16–175) 47 (16–160) 111 (55–175) <0.001

Days between first 
operation and HIPEC 
(median) (range)

81 (8–175) 37 (8–85) 93 (42–175) <0.001

Duration operation 
(min) (mean ± SD)

426 ± 100 434 ± 83 421 ± 107 0.64

Blood loss (ml)  
(mean ± SD)

1020 ± 1085 1150 ± 1277 973 ± 1019 0.57

Adjuvant chemotherapy  
after HIPEC

 Yes 63 (87.5) 16 (80.0) 47 (90.4)

 No 9 (12.5) 4 (20) 5 (9.6) 0.23

Intra-operative procedure

As shown in Table 2, the type of bowel resection was not statistically different between 

early and late referrals. During cytoreductive surgery 22 (59.5%) of 37 previously formed 

anastomoses were resected, mainly as result of clinical suspected malignancy. In 5 

patients the anastomotic recurrence was confirmed by frozen section and in 2 patients 

the anastomosis was regarded free of malignancy resulting from frozen section analysis. 

Histopathological examination of the resected anastomoses revealed malignancy in 12 

specimens (54.5%). In the patients with confirmed malignancy in the anastomosis, the 
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median interval between the primary resection and the HIPEC procedure was 103 days 

(range 71–175), compared to 96 days (range 42–144) in patients without malignancy at 

the anastomotic site (P = 0.28).

Table 2, Bowel resections

Bowel resection All patients  
N = 72 (%)

Resection + HIPEC 
early referral  
N = 20 (%)

HIPEC after 
resection late 
referral N = 52 (%)

P value

Rectosigmoid resection 30 (41.7) 10 (50) 20 (38.5) 0.37

Ileocecal resection/
hemicolectomy right

31 (43.1) 11 (55) 20 (38.5) 0.29

Hemicolectomy left 8 (11.1) 3 (15) 5 (9.6) 0.52

Resection transversum 6 (8.3) 3 (15) 3 (5.8) 0.20

The median length of colon resected in early referral groups was 26.5 cm (range 8–47) 

compared to 20 cm (range 7–39) (P = 0.01) in the patients who received a resection of 

the earlier anastomosis, and compared to 11 cm (range 0–52) (P = 0.01) in the patients 

with a previous resection without formation of an anastomosis.

In total 75 anastomoses were formed in 55 patients during the HIPEC procedure, 28 

in the early referral group (mean 1.4) and 47 in the late referral group (mean 0.9) (P = 

0.01). In the late referral group, the total number of anastomoses was 83 in the entire 

treatment (i.e., first resection plus CRS + HIPEC) (mean 1.6) (P = 0.33).

At the end of all the 72 HIPEC procedures bowel continuity was not restored in 20 

patients, resulting in a permanent colostomy. In 16 patients of these 20 patients (80%) 

the primary tumor was located in the rectosigmoid, in 2 patients (10%) in the colon and 

in 2 patients (10%) in the appendix. In the other 52 patients complete bowel continuity 

could be achieved; in 8 of these patients a protective ileostomy was created.

In the early referral group bowel continuity could not be restored in four patients (20%), 

compared to 16 patients (30.7%) in the late referral group (P = 0.56). The rate of 

colostomies was higher (45.5%) in the cohort of patients in which a resection of the 

earlier anastomosis was needed. When stratifying these results to location of the primary 

tumor (Table 3), resection of a colorectal anastomosis resulted in a permanent colostomy 

in 66.6% of the patients. An overview of all patients, including the number of patients 

with a permanent colostomy, is depicted in Figure 1.
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Table 3, Bowel continuity after CRS + HIPEC

Location primary tumor Complete bowel continuity

Yes (%) No (%) Total

Rectosigmoid Early referral 4 (50) 4 (50) 8

Late referral No resection of previous 
anastomosis

7 (100) 0 7

Resection of previous 
anastomosis

3 (33.3) 6 (66.6) 9

No previous anastomosis 7 (53.8) 6 (46.2) 13

Total 21 (56.8) 16 (43.2) 37

Colon/appendix Early referral 12 (100) 0 12

Late referral No resection of previous 
anastomosis

8 (100) 0 8

Resection of previous 
anastomosis

9 (69.2) 4 (30.8) 13

No previous anastomosis 2 (100) 0 2

Total 31 (88.6) 4 (11.4) 35

Total Early referral 16 (80) 4 (20) 20

Late referral No resection of previous 
anastomosis

15 (100) 0 15

Resection of previous 
anastomosis

12 (54.5) 10 (45.5) 22

No previous anastomosis 9 (60) 6 (40) 15

Total 52 (72.2) 20 (27.8) 72

Figure 1, Study flow chart
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Postoperative complications and long-term results

Anastomotic leakage occurred in 3 patients in early referral group (16.7%) and in 10 

patients in the late referral group (27.0%) (P = 0.40). In all of these patients a relaparotomy 

was performed, in addition one relaparotomy was performed because of a bleeding, 

resulting in a total relaparotomy rate of 19.4%. Seven of the anastomotic leakages in 

the late referral group occurred in patients after a resection of the previous anastomosis, 

resulting in an anastomotic leakage rate of 33.3%, compared to only 6 leakages in the 

other 34 patients (17.6%) (P = 0.18). Eight of the relaparotomies occurred in patients 

after a resection of the previous anastomosis, resulting in a relaparotomy rate of 36.4%, 

compared to 6 relaparotomies in the other 44 patients (12%) (P = 0.02). Table 4 gives an 

overview of the grade ≥ 3 complications after CRS + HIPEC with no significant differences 

between the early and late referral group.

Table 4, Grade ≥ 3 postoperative complications

Complication All patients  
N = 72 (%)

Early referral  
N = 20 (%)

Late referral  
N = 52 (%)

P value

Bleeding 1 (1.4) 0 (0) 1 (1.9) 0.53

Anastomotic leakage 13 (23.6) 3 (16.7) 10 (27.0) 0.40

Abscess 6 (8.3) 2 (10) 4 (7.7) 0.75

Fistula 1 (1.4) 0 (0) 1 (1.9) 0.53

Urinoma 1 (1.4) 1 (5) 0 0.28

Pulmonary 2 (2.8) 1 (5) 1 (1.9) 0.48

Long-term survival was similar when comparing early and late referral with a 3-year 

survival rate of 46% and 48%, respectively (P = 0.36). Furthermore the 3-year disease-

free survival was 35% in early referral and 43% in late referral group (P = 0.54).

D i s c u s s i o n

Approximately 5% of colorectal cancer patients have synchronous PC, and in only 2% 

the metastases are exclusively located in the peritoneum.11, 12 Patient selection and coun-

selling, the complex operative procedures and the follow-up of this special patient group 

requires treatment centralization in dedicated centers with sufficient logistic support and 

a multidisciplinary staff experienced in peritoneal surface disease. In this study we report 
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the experience of a tertiary referral center in the outcome of simultaneous resection 

of the primary tumor and HIPEC in CRC patients with synchronous PC compared to a 

two-stage procedure with resection of the primary tumor as a first step and HIPEC in a 

second operation.

Seventy percent of our patients were late referrals after primary tumor resection in the 

referring hospitals delaying the HIPEC procedure with a median of 111 days compared 

to 47 days in early referrals. In late referrals 59.5% of the anastomoses of the primary 

tumor were resected with 54.5% of specimen showing recurrent tumor. Late referral 

resulted in more extensive surgery with a high rate of definitive colostomies. Resection 

of a previous anastomosis resulted in a higher relaparotomy rate of 36.4%.

Peritoneal carcinomatosis tumor biology

In late referred patients in our study at 12 anastomotic sites (32.4%) of the 37 

anastomoses malignancy was histopathologically confirmed, which is much higher than 

historically reported anastomotic recurrence rates of 5–15% after curative resection 

of colorectal carcinoma.13 This high incidence might be explained by the biological 

behavior of cancer cells after prior surgical trauma. Wound-healing processes induce 

local and systemic changes. Local damage to the vasculature and peritoneal lining leads 

to up-regulation of adhesion molecules and compromise vessel integrity, promoting 

the adherence of free floating tumor cells. Systemically released mediators, including 

angiogenic and growth factors, may stimulate growth or impede apoptosis of tumor 

cells.14 In a rat model Königsrainer et al. have shown that peritoneal defects attract free 

floating tumor cells, which resulted into increased tumor growth after peritonectomy.15 

These findings support the advice to limit the peritoneal damage at primary resection 

to prevent peritoneal seeding and suggest that wound-healing is associated with tumor 

growth. One stage resection of the primary tumor and HIPEC has the advantage, that 

following resection the entire abdomen is brought in contact with the intraperitoneal 

chemotherapy, eliminating free floating tumor cells, and thus preventing the capturing 

of tumor cell in adhesions and the outgrowth of new peritoneal metastases.

Results following early and late referral CRS + HIPEC

Bowel continuity could not be restored at the end of HIPEC in 20 patients (27.7%), 

resulting in a definitive colostomy. Ten of these patients had bowel continuity after 

resection of the primary tumor in the first operation, showing that adequate anastomosis 
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creation was achievable after resection of the primary tumor. Patients needing a resection 

of the anastomosis appeared to have a high rate of colostomies, these patients may 

have had a biological more aggressive tumor resulting in the need of a resection of 

the anastomosis and the formation of a colostomy. Resection of anastomoses in the 

rectosigmoid especially had a high risk of permanent colostomy after HIPEC. Patients with 

rectal cancer and peritoneal carcinomatosis generally have poor prognosis following CRS 

+ HIPEC,9, 16 our early referral patients seem to have a reasonable prognosis, which may 

result from absence of entrapment of free floating tumor cells in adhesions, especially in 

the difficult to resect pelvic or retroperitoneal region.

Our data support early referral of patients and simultaneous resection of the primary 

tumor and HIPEC for a number of reasons. Early referral allows the initiation and 

completion of treatment in a single procedure without undue delay. One has to take in 

consideration that the diagnosis of PC is often only made peroperative by laparoscopy 

or laparotomy. In these cases peroperative consultation with a HIPEC center is advisable 

to decide on the best possible treatment option for the patient. Often it is indicated to 

leave the primary tumor and peritoneal seedings in place and limit the procedure to a 

diverting ileostomy or colostomy in case of manifest or imminent bowel obstruction. 

This algorithm will prevent surgeons inexperienced in peritoneal surface malignancies 

to create unnecessary surgical trauma or inadequate removal of limited PC, which may 

result in incomplete resections and formation of new metastases in unfavorable locations. 

Reconvalescence following a minor procedure is often quick and uneventful leaving the 

opportunity for early referral and timely initiation of the definite treatment including 

tumor resection and HIPEC. In our experience, the 2-stage procedure is more difficult 

since the surgeon is opening the abdomen for the second time and dissecting structures 

that may be involved in dense adhesions, which may result in higher complication rates.

Limitations

The retrospective nature of this study limits the conclusions that can be drawn. Similar to 

all retrospective analyses, patient selection may be biased in our study resulting in several 

uncertainties. It is possible that the patients in the early referral group experienced more 

advanced PC, which resulted in referral to our center without resection of the primary 

tumor. Furthermore, patients with complications after the first operation are commonly 

not eligible or not referred for CRS + HIPEC probably resulting in a selection of the 

physically fitter patients in the late referral cohort.
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We could not demonstrate a detrimental effect of late referral on the long-term survival, 

but early referral and timely treatment is preferable from the patient’s perspective. 

Furthermore, in the early referral group the same results can be achieved with a single 

operation result as was accomplished with two operations in the late referral group.

C o n c l u s i o n s

CRS + HIPEC is increasingly accepted as the treatment of choice in colorectal cancer 

patients with peritoneal carcinomatosis. In this study we show that early referral prior 

to primary tumor resection may prevent extensive secondary bowel resections, decrease 

the incidence of anastomotic leakage and prevent a permanent colostomy especially in 

patients with rectosigmoid carcinoma.
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A b s t r a c t

Background

Controversy still exists regarding the position of cytoreductive surgery (CRS) combined 

with hyperthermic intraperitoneal chemotherapy (HIPEC) in patients with peritoneal 

metastasis of colorectal carcinoma. The goal of the current study was to evaluate the 

opinions about this treatment among Dutch oncologic surgeons and medical oncologists.

Methods

An online survey was sent to all known Dutch oncologic surgeons (n = 459) and medical 

oncologists (N  =  363) representing the respective departments of 84 hospitals. A 

comparison was made between surgeons and oncologists.

Results

185 eligible responses were received from 71 hospitals, resulting in a response 

rate of 23% for individuals and a response rate of 85% for hospitals. Overall, 65% 

of respondents regarded CRS + HIPEC as effective with sufficient evidence, 29% 

responded that CRS + HIPEC is probably effective without sufficient evidence, and 7% 

of respondents regards HIPEC as probably ineffective. Medical oncologists were less 

convinced of the effectiveness of CRS + HIPEC than surgeons (P = 0.006). Of all the 

respondents, 68% indicated that they regard CRS + HIPEC as a standard treatment for 

patients with peritoneal dissemination of colorectal carcinoma (77% of surgeons versus 

54% of oncologists, P = 0.001). Additionally, 68% of respondents regard CRS + HIPEC 

as potentially curative (77% of surgeons versus 54% of oncologists, P = 0.001).

Conclusions

Approximately 30% of physicians who treat colorectal carcinoma do not regard CRS 

+ HIPEC as standard care. Surgeons appear to be significantly more in favor of this 

treatment than medical oncologists. This study shows that efforts should be made 

to improve knowledge and increase acceptance of CRS + HIPEC in colorectal cancer 

treatment among medical oncologists and surgeons.
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B a c k g ro u n d

Until a few decades ago, peritoneal dissemination of colorectal cancer was regarded as a 

sign of systemic disease unsuitable for surgical treatment and was treated with palliative 

chemotherapy only. Following the pioneering work of Sugerbaker1, the concept of 

treatment of peritoneal carcinomatosis has radically changed. As it was observed that in 

a number of patients the peritoneum was the only disease manifestation, loco regional 

surgical therapy was introduced in the form of cytoreductive surgery (CRS) combined 

with hyperthermic intraperitoneal chemotherapy (HIPEC). Ever since, HIPEC has gradually 

gained an established role in the treatment of colorectal cancer.

The benefit of CRS + HIPEC has been reported in the literature in a large number of patient 

series showing an efficacy equal to that of intraperitoneal mitomycin and oxaliplatin.2, 

3 Most studies are non-randomized cohort studies; the only randomized trial, that of 

Verwaal et al.4, unequivocally showed a significant survival benefit for patients treated 

with HIPEC compared with palliative chemotherapy. Despite the evidence, acceptance of 

HIPEC within the surgical and oncologic community shows a wide variation and there is 

an on-going debate regarding its efficacy. Controversy regarding the indications remains, 

which is reflected in differences in national guidelines for the treatment of colorectal 

cancer and differences in the numbers of patients treated between individual hospitals, 

regions and countries.

The goal of the current study was to investigate opinions among oncologic surgeons and 

medical oncologists treating colorectal cancer in the Netherlands on the role of CRS + 

HIPEC in the treatment of patients with peritoneal disseminated colorectal cancer.

M e t h o d s

In the period from January to March 2014, an online questionnaire (Appendix A) was 

sent to all registered oncologic/gastroenterologic surgeons and medical oncologists 

in The Netherlands. In total, 822 questionnaires were sent to 459 surgeons and 363 

medical oncologists representing all 84 hospitals in The Netherlands. The questionnaire 

included 10 general multiple choice questions to assess opinions about the effectiveness, 

risk of complications, and estimated 5-year survival following CRS + HIPEC in perito-

neal carcinomatosis of colorectal origin, and which malignancies with peritoneal 
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carcinomatosis are suitable for CRS + HIPEC. A separate question was included about the 

estimated risk of peritoneal carcinomatosis in T4 cancer. Additionally, three hypothetical 

case histories (Appendix B), derived from three clinical cases in 2013, were simultaneously 

presented with various treatment options. The cases were presented as if they were 

occurring when the respondent was responding to the survey. For surgeons, an extra 

multiple choice question on intraoperative decisions was included for each case. Four 

and eight weeks following the initial mailing of the questionnaire a reminder was send 

to non-respondents. The closing date of the survey was May 2014, and the results were 

subsequently analyzed.

Statistical analysis was performed using SPSS Statistics version 21. Comparison between 

surgeons and medical oncologists was performed using chi-squared analysis, with linear 

by linear association in the case of ordered categorical data. A separate analysis was 

performed using a random selected respondent per hospital to detect possible bias due 

to differences in response rates within hospitals.

R e s u l t s

A total of 240 responses from 76 different hospitals was received; 23 respondents 

declined participation or indicated that a colleague would answer on behalf of them or 

their department. Additionally, 31 respondents indicated that they did not treat colorectal 

cancer patients, and one oncologist treating colorectal cancer indicated that he was 

not aware of the possibility of CRS + HIPEC. After exclusion of these respondents, 185 

respondents from 71 hospitals were eligible for analysis, resulting in overall response 

rates of 23% for individuals and 85% for hospitals. The response rates for surgeons and 

medical oncologists were 24% and 20%, respectively. At least one response was received 

from 57 (68%) surgical departments (8 academic hospitals, 32 non-academic teaching 

hospitals, and 17 non-teaching hospitals) and 49 (58%) oncologic departments (6 

academic hospitals, 26 non-academic teaching hospitals, and 17 non-teaching hospitals).

An overview of the characteristics of the respondents is given in Table 1. The majority 

of respondents worked in a non-academic teaching hospital (57%) and the remainder 

worked in an academic hospital (20%) or non-teaching hospital (23%). These 

proportions were not different between oncologists and surgeons (P = 0.30). In total, 

72% of respondents were male. There were significantly more male respondents 
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among surgeons than medical oncologists (81 versus 58%, P = 0.001). Eleven surgeons 

(10%) performed HIPEC procedures themselves, 52 (47%) and 46 (41%) surgeons 

indicated that they had referred 1–5 or more than 5 patients, respectively. Two surgeons 

responded that they had not referred patients because they had never had suitable 

candidates. None of the surgeons never considered HIPEC treatment. Among medical 

oncologists, 40 (56%) and 19 (26%) respondents had referred 1–5 or more than 5 

patients, respectively. Four respondents (2%) indicated that they had never considered 

HIPEC treatment, and 11 respondents (6%) indicated that they had never had a suitable 

candidate. This distribution was significantly different between medical oncologists 

and surgeons (P < 0.001). Table 2 shows significant differences between surgeons and 

medical oncologists regarding the responses to questions on the position of CRS + HIPEC 

in colorectal peritoneal carcinomatosis treatment.

Table 1, Respondent characteristics

  Overall (%) Surgeons (%) Oncologists (%) P value

Response rate 185 (23) 112 (24) 73 (20) 0.15

Sex

 Male 133 (72) 91 (81) 42 (58) 0.001

 Female 52 (28) 21 (19) 31 (43)

Hospital type

 Academic 37 (20) 22 (20) 15 (21) 0.30

 Teaching 105 (57) 68 (61) 37 (51)

 Non-teaching 43 (23) 22 (20) 21 (29)

Figures 1 and 2 depict estimates of the complication rate after HIPEC treatment and 

estimates of the 5-year survival rates, respectively, following CRS + HIPEC in CRC patients. 

Surgeons estimates of severe complication rates were significantly higher than those 

of medical oncologists (P  =  0.02). The median estimated rate of complications from 

medical oncologists was 20–30% (IQR 10–50%) and that from surgeons was 30–40% 

(IQR 20–60%) Estimation of the 5-year survival rate did not differ significantly between 

oncologists and surgeons. The median estimate of 5-year survival was 20–30% from 

oncologists (IQR 20–40%) and 30–40% from surgeons (IQR 20–40%).
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Table 2, Position of HIPEC in colorectal cancer with PC

  Overall 
(%)

Surgeons 
(%)

Oncologists 
(%)

P value

Opinion about effectiveness  
and related evidence

  Insufficient evidence, probably  
not much effect

12 (7) 6 (6) 6 (9) 0.006

 Insufficient evidence, probably effective 52 (29) 23 (21) 29 (41)

 Sufficient evidence for its effect 117 (65) 81 (74) 39 (51)

Regards HIPEC as standard treatment  
in limited PC

 Yes 123 (68) 84 (77) 39 (54) 0.001

 No 58 (32) 25 (23) 33 (46)

Quantification of effect of HIPEC

 Not very effective 7 (4) 2 (2) 5 (7) 0.001

 Palliative, symptom treating 5 (3) 2 (2) 3 (4)

 Palliative, life prolonging 46 (26) 21 (19) 25 (35)

 Potentially curative 122 (68) 84 (77) 38 (54)

Figure 1, Estimation of severe complications (%) following CRS + HIPEC
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Figure 2, Estimation of 5-year survival (%) following CRS + HIPEC

Estimation of the development of PC after T4 colorectal carcinoma resection also did not 

differ significantly between oncologists and surgeons (P = 0.21, Figure 3). The median 

estimate of PC risk was 20–30% (IQR 20–40%) from surgeons and 30–40% (IQR 20–

40%) from oncologists.

Medical oncologists and surgeons differed in their opinion on peritoneal malignancies 

suitable for HIPEC treatment. Surgeons were significantly more in favor of HIPEC 

treatment in patients with colon cancer (99 versus 90%, P  =  0.004), appendiceal 

cancer (91 versus 51%, P < 0.001), stomach cancer (22 versus 7%, P = 0.008), and 

pseudomyxoma peritonei (89 versus 65%, P < 0.001) (Figure 4). Medical oncologists 

were significantly more in favor of HIPEC treatment in ovarian cancer than surgeons (58 

versus 42%, P = 0.04).
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Figure 3, Estimation of risk for peritoneal carcinomatosis after resection of T4 carcinoma (%)

 
Figure 4, Malignancies potentially suitable for HIPEC (%)
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A separate analysis with a randomly selected respondent from each of the hospital 

departments which responded showed similar results to those presented above (data 

not shown). Comparison between hospital types showed a significant difference in the 

responses regarding whether patients with PC of mesothelioma are suitable for HIPEC 

treatment; 42% of academic respondents regarded this malignancy as suitable for CRS 

+ HIPEC compared with only 16 and 14% of respondents in non-academic teaching 

and non-teaching hospitals, respectively (P = 0.002). On the question of whether CRS + 

HIPEC can be regarded as the standard treatment in peritoneal metastasis of colorectal 

cancer, 96% of academic surgeons confirmed this statement, while only 79 and 52% 

of surgical respondents from non-academic teaching and from non-teaching hospitals 

confirmed this statement (P = 0.003). Similarly, significantly more academic surgeons 

responded that CRS + HIPEC is effective with sufficient evidence (96%) than surgeons in 

non-academic teaching (70%) or non-teaching (62%) hospitals (P = 0.044). Additionally, 

0, 5, and 14% of surgical respondents from academic, non-academic teaching, and 

non-teaching hospitals, respectively, regarded CRS + HIPEC as probably ineffective with 

insufficient evidence for possible effect.

Case histories

Each of the three cases involved a patient with cecal carcinoma and no comorbidity. In 

the first two cases, the patient had a synchronous resectable omental metastasis, and 

in the third case, the patient had resectable synchronous parietal peritoneal metastasis. 

The first and third cases were 65 years old and the second case was 80 years old. In 

the first case, 22 surgeons (21%) decided not to resect the primary tumor, all of whom 

chose HIPEC as the postoperative treatment. 84 surgeons (79%) chose to resect the 

primary tumor combined with a (partial) omentectomy. The results of the postoperative 

treatment following resection, and the medical oncologists’ responses to the same 

question are shown in Table 3.

In case 2, seven surgeons (7%) selected the option of no primary resection and 

subsequently chose referral for HIPEC treatment. 97 respondents (93%) selected primary 

tumor resection. The subsequent postoperative treatment is shown in Table 3. In case 

3, 40 surgeons (41%) decided not to resect the primary tumor and to subsequently 

refer the patient for a primary HIPEC procedure. The decisions regarding postoperative 

treatment following resection during the primary operation, with a comparison between 

surgeons and medical oncologists, is shown in Table 3.
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Table 3, Postoperative treatment in case histories

  Overall (%) Surgeons (%) Oncologists (%) P value

Case 1, 65 year-old male, treatment after resection of cecal cancer with omental metastasis 
(T3N0M1)

 Follow-up 20 (13) 9 (11) 11 (16) 0.50

 Adjuvant chemotherapy 49 (31) 27 (32) 22 (31)

 Palliative chemotherapy 4 (3) 1 (1) 3 (4)

 HIPEC 82 (53) 47 (56) 35 (49)

Case 2, 80 year-old male, treatment after resection of cecal cancer with omental metastasis 
(T3N0M1)

 Follow-up 99 (59) 57 (59) 42 (59) 0.55

 Adjuvant chemotherapy 52 (31) 28 (29) 24 (34)

 Palliative chemotherapy 6 (4) 5 (5) 1 (1)

 HIPEC 11 (7) 7 (7) 4 (6)

Case 3, 65 year-old male, treatment after resection of cecal cancer with parietal metastases 
(T3N0M1)

 Follow-up 10 (8) 1 (2) 9 (13) 0.09

 Adjuvant chemotherapy 19 (15) 9 (15) 10 (14)

 Palliative chemotherapy 4 (3) 1 (2) 3 (4)

 HIPEC 97 (75) 48 (81) 49 (69)

 
D i s c u s s i o n

This study assessed opinions among medical oncologists and surgeons in The Netherlands 

regarding the position of cytoreductive surgery and HIPEC in the treatment of peritoneal 

carcinomatosis. Distinct differences were found between the two groups. Medical 

oncologists appear to be less in favor of CRS + HIPEC than surgeons as only 54% of 

oncologists regard CRS + HIPEC as a standard treatment for patients with peritoneal 

metastases of colorectal cancer, compared with 77% of surgical respondents. 68% of 

all physicians regard CRS + HIPEC as a potentially curative treatment, while 32% do 

not regard CRS + HIPEC as potentially curative. Medical oncologists seem to be less 

convinced of the efficacy of CRS + HIPEC than surgical oncologists.

Recently, Spiegle et al.5 performed a survey of physicians’ awareness of CRS + HIPEC 

in Ontario, Canada among 214 general surgeons and medical oncologists. Their main 

finding was that only 46% of physicians were aware of this treatment option for colorectal 

cancer patients. Additionally, they found that, in patients with pseudomyxoma, medical 
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oncologists were less likely than general surgeons to consider CRS + HIPEC. The authors 

concluded that educational programs should be initiated to increase awareness of CRS 

+ HIPEC among patients and physicians. In The Netherlands, awareness of CRS + HIPEC 

is high: only one oncologist treating CRC (0.4%) indicated that he was not aware of 

CRS + HIPEC as a possible treatment option. This high level of awareness may partly 

be explained by the fact that the first randomized controlled trial of CRS + HIPEC in 

CRC patients was performed in The Netherlands.4 The high level of awareness of the 

existence of HIPEC unfortunately does not automatically imply sufficient and adequate 

knowledge of its indications and efficacy.

Although incorporated in the most recent version of the Dutch colorectal cancer treatment 

guideline as a treatment for patients with limited peritoneal carcinomatosis, 32% of 

surgical respondents do not regard HIPEC treatment as standard and this percentage 

increases to 46% among the medical oncologists respondents. Responses to the presented 

case histories seemed to reveal less difference of opinion between medical oncologists 

and surgeons, although there was a wide variety of chosen treatment plans between the 

individual respondents. Consequently, there appears to be a need for a widely accepted 

and communicated consensus regarding the treatment of peritoneal carcinomatosis of 

colorectal cancer. Current knowledge of and indications for CRS + HIPEC should be 

further disseminated and more uniformly applied through multidisciplinary professional 

and resident training programs. Special efforts should be made to improve the number 

of expert consultations, especially in rare malignancies, such as appendiceal carcinoma, 

and pseudomyxoma peritoneal or peritoneal mesothelioma. Aside from the fact that 

physicians should be made more aware of the benefit of CRS + HIPEC, there should 

also be increased attention drawn to the mediocre results of therapeutic alternatives, 

such as palliative chemotherapy, on the survival rates of patients with peritoneal surface 

malignancies.6, 7

Implementation and diffusion of innovations in health care has been extensively 

researched in social science, and various considerations have been described which 

influence the dissemination and adoption of innovations.8 Future research should focus 

more on individual factors which prevent the acceptance among health professionals of 

CRS + HIPEC as a treatment for patients with various peritoneal surface malignancies, 

and the specific interventions which could be used to control these factors. There should 

be increased attention to the current knowledge about the treatment of peritoneal 

surface malignancies in the curricula for oncologic surgeons and medical oncologists. 
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Additionally, there should be an increase in disease- and treatment-specific information 

on peritoneal surface malignancies in the multidisciplinary cancer guidelines. Increased 

attention, for example using specific peritoneal surface malignancy sessions or specific 

oral presentations, in multidisciplinary congresses may also aid in the further dissemination 

of current knowledge of peritoneal surface malignancy treatment.

Although many (inter)national guidelines still do not mention CRS + HIPEC,9–11 in 

recent years, an increasing number have incorporated this treatment option. However, 

indications and clinical recommendations are frequently not well defined.12–14 In the most 

recent Dutch multidisciplinary colorectal cancer guideline, in addition to the statement 

that selected patients with peritoneal carcinomatosis of colorectal origin are eligible for 

CRS + HIPEC, additional selection criteria have been specified: restriction of peritoneal 

dissemination to a maximum of 5 out of 7 abdominal regions, the possibility of achieving 

complete cytoreduction, and the absence of distant metastases. Furthermore, in patients 

with synchronous peritoneal dissemination diagnosed intraoperatively, the guidelines 

recommend that a primary tumor resection should not be performed.15 Despite this 

advice, 79 and 60% of surgical respondents to this survey chose to resect the primary 

tumor in a 65-year-old patient with resectable omental or parietal peritoneal metastases, 

respectively.

The response rate to this survey is comparable to those of previous surveys performed in 

similar groups of respondents.16, 17 However, this study may be limited by the response 

rate of 23% for individual responders. Although all medical oncologists and surgeons 

currently treating colorectal cancer in The Netherlands were contacted, the respondents 

to our survey may be a selection of physicians with a clear opinion of or a special interest 

in the treatment of peritoneal surface malignancies. The respondents, however, represent 

85% of the contacted hospitals, and several respondents indicated that their answers 

represented the policy of their respective departments. The responses received had a 

sufficient geographical spread across the country and had a satisfactory distribution of 

academic, teaching and non-teaching hospitals. Furthermore, there were no differences 

in these distributions between surgeons and oncologists. A multidisciplinary team 

approach is nowadays standard practice in colorectal cancer treatment leading to a 

broad consensus among cancer specialists working in the same hospital. This further 

substantiates the results of our survey as representative of the current opinions of Dutch 

physicians about HIPEC treatment for CRC patients.
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C o n c l u s i o n s

Although CRS + HIPEC is currently advised in the Dutch guideline for the treatment of 

colorectal cancer, approximately 30% of physicians who treat colorectal carcinoma still 

do not regard this treatment as the standard of care. Surgeons appear to be significantly 

more in favor of this treatment than medical oncologists. This study shows that efforts 

should be made among medical oncologists and surgeons to improve knowledge and 

increase acceptance of CRS + HIPEC in colorectal cancer treatment.
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A p p e n d i x  A

Questions 

1. Do you treat patients with colorectal carcinoma?

Yes / No

2. Are you familiar with the HIPEC treatment in patients with peritonitis carcinomatosis 

of colorectal carcinoma?

Yes /No

3. Have you ever referred a patient with peritoneal carcinomatosis of colorectal carcinoma 

for HIPEC?

No, never considered. / No, but considered in some patients / No, had no candidates / 

Yes , about 1-5 patients / Yes, more than 5 patients

4. What is your opinion on the effectiveness of HIPEC in peritoneal carcinomatosis of 

colorectal carcinoma?

Insufficient evidence of effectiveness and probably ineffective / Insufficient evidence of 

effectiveness , but probably effective / Sufficient evidence of effectiveness

5. The HIPEC treatment in patients with peritoneal carcinomatosis of limited colorectal 

cancer is:

Ineffective / Palliative, treating symptom / Palliative, life prolonging / potentially curative

6. Do you consider HIPEC in patients with limited peritoneal carcinomatosis (PC) of 

colorectal carcinoma (CRC) as the standard treatment?

Yes / No

7. How do you assess the five-year survival rate (%) in a patient with peritoneal 

carcinomatosis CRC treated with complete cytoreduction + HIPEC?

between:

0-10 / 10-20 / 20-30 / 30-40 / 40-50 / 50-60 / 60-70 / 70-80 / 80-90 / 90-100
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8. Which of the following malignancies with peritoneal metastases are, to your idea, 

eligible for HIPEC?

None of the following / Colon / appendix / stomach / mesothelioma / ovarian / pancreas 

/ pseudomyxoma / sarcoma / other:

9. How do you assess the complication rate (%) (Grade 3 or higher (Clavien Dindo)) after 

a HIPEC treatment ?

between:

0-10 / 10-20 / 20-30 / 30-40 / 40-50 / 50-60 / 60-70 / 70-80 / 80-90 / 90-100

10. How do you assess the risk of developing peritoneal carcinomatosis after resection 

of T4 colorectal malignancy ?

between:

0-10 / 10-20 / 20-30 / 30-40 / 40-50 / 50-60 / 60-70 / 70-80 / 80-90 / 90-100
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A p p e n d i x  B

Case histories

Only for medical oncologists:

11. CASE 1: 65 year old male patient without co morbidity , with cecal carcinoma (pre-

operative staging: T3N0M0). Intraoperatively the surgeon saw a resectable metastasis 

in the omentum of approximately 1 cm. He decided to resect the primary tumor and 

to perform a (partial) omentectomy. Postoperative staging: T3N0M1, radically removed. 

What do you recommend this patient postoperatively?

Followup / adjuvant chemotherapy / palliative chemotherapy / Referral for a HIPEC 

treatment

12. CASE 2: What do you recommend to a patient 80 year old patient (instead of 65), 

which is otherwise identical as case 1?

Followup / adjuvant chemotherapy / palliative chemotherapy / Referral for a HIPEC 

treatment

13. CASE 3: 65 year old male patient without comorbidity, with cecal carcinoma 

(preoperative staging: T3N0M0 ) . Intraoperatively the surgeon saw a few resectable 

metastases in the parietal peritoneum adjacent to the tumor. He decided to remove the 

primary tumor and metastasis. Postoperative staging: T3N0M1, radically removed. What 

do you recommend this patient postoperatively?

Followup / adjuvant chemotherapy / palliative chemotherapy / Referral for a HIPEC 

treatment

Only for surgeons:

11. CASE 1: 65 year old male patient with no comorbidity, with cecal carcinoma 

(preoperative staging: T3N0M0). You operate case 1 electively. Intraoperatively you see a 

resectable metastasis in the omentum of approximately 1 cm. What are you going to do?

Remove only the primary tumor with anastomosis construction / Remove only the 

primary tumor without anastomosis construction / Remove primary tumor anastomosis 

construction, plus (partial) omentectomy / Remove primary tumor without anastomosis 

construction, plus (partial) omentectomy / Construction of a colostomy, without an 

resections / Stop the operation without intervention
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If you have chosen for a resection in the previous question, then regard it as an a radical 

resection with postoperative staging T3N0M1.

12. What do you recommend this patient postoperatively?

Follow-up / adjuvant chemotherapy / palliative chemotherapy / Referral for a HIPEC 

treatment

13. CASE 2:

What would you do in case of a 80- year-old patient (instead of 65),, which is otherwise 

identical as case 1?

Remove only the primary tumor with anastomosis construction / Remove only the primary 

tumor without anastomosis construction / Remove primary tumor with anastomosis 

construction, plus (partial) omentectomy / Remove primary tumor without anastomosis 

construction, plus (partial) omentectomy / Construction of a colostomy, without an 

resections / Stop the operation without intervention

If you have chosen for a resection in the previous question, then regard it as an a radical 

resection with postoperative staging T3N0M1.

14. What do you recommend this patient postoperatively?

Follow-up / adjuvant chemotherapy / palliative chemotherapy / Referral for a HIPEC 

treatment

15. CASE 3: 65 -year-old male patient with no comorbidity , with cecal carcinoma 

(preoperative staging: T3N0M0). You operate case 3 electively. Intraoperatively some 

resectable metastases are seen in the parietal peritoneum adjacent to the tumor. What 

are you doing?

Remove only the primary tumor with anastomosis construction. / Remove only the primary 

tumor without anastomosis construction. / Remove primary tumor with anastomosis 

construction, plus resection of metastases on parietal peritoneum / Remove primary 

tumor without anastomosis construction , plus resection of metastases on parietal 

peritoneum / Construction of a colostomy, without any resections. / Stop the operation 

without intervention

 

If you have chosen for a resection in the previous question, then regard it as an a radical 

resection with postoperative staging T3N0M1.
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16. What do you recommend this patient postoperatively?

Follow-up / adjuvant chemotherapy / palliative chemotherapy / Referral for a HIPEC 

treatment
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A b s t r a c t

Background

When peritoneal carcinomatosis (PC) is diagnosed during emergency surgery for 

colorectal cancer (CRC), further treatment with curative intent may seem futile given 

the known poor prognosis of both PC and emergency surgery. The aim of the current 

study was to investigate the feasibility and effectiveness of cytoreductive surgery (CRS) 

and hyperthermic intraperitoneal chemotherapy (HIPEC) for CRC patients who previously 

underwent emergency surgery in the presence of PC.

Methods

All patients with synchronous PC of CRC referred to two tertiary centers between April 

2005 and November 2013 were included in this study. Operative, postoperative and 

survival details were compared between patients presenting in an emergency or elective 

setting.

Results

In total, 149 patients with synchronous PC underwent CRS + HIPEC. Amongst these 

patients, 36 (24.2%) initially presented with acute symptoms requiring emergency 

surgery. Acute presentation did not result in a longer interval between the initial 

operation and HIPEC (2.2 versus 2.1 months, P = 0.09). When comparing operative 

outcomes, no significant differences were found in blood loss (P = 0.47), operation time 

(P = 0.39), or completeness of cytoreduction (P = 0.97). In addition, complication rates, 

degree and types of complication did not differ between the groups. Median survival 

was 36.1 months for emergency presentation compared with 32.1 in the elective group 

(P = 0.73).

Conclusion

CRS + HIPEC may be performed safely in patients with PC of colorectal origin presenting 

with acute symptoms requiring emergency surgery. More importantly, the 5-year survival 

rate in these patients was equal to elective cases. This should be regarded as promising 

and therefore considered for these patients.
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B a c k g ro u n d

Patients presenting with acute symptoms (e.g. complete obstruction or perforation) of 

colorectal cancer (CRC) requiring emergency surgery are known to have an unfavorable 

long-term oncological outcome when compared with CRC patients who are treated in 

an elective setting.1–3 A significant portion of these patients will also be diagnosed with 

synchronous peritoneal carcinomatosis (PC) during surgery, a metastatic pattern that is 

notorious for its very poor prognosis.4,5 Therefore, it is conceivable that many surgeons 

being confronted with PC during emergency surgery may regard further treatment with 

curative intent as futile in these patients.

For patients with PC from CRC, cytoreductive surgery (CRS) followed by hyperthermic 

intraperitoneal chemotherapy (HIPEC) is currently the only available option to achieve 

long-term survival or even cure. This treatment is only available in a limited number of 

expert centers, usually not in an emergency setting.

Once regarded a high-risk procedure, CRS and HIPEC in selected patients is now 

considered safe and is increasingly offered to CRC patients with PC. The current study 

was undertaken to investigate the operative and long-term oncological outcome after 

CRS + HIPEC in patients who had previously undergone emergency surgery in the 

presence of PC.

M e t h o d s

Patients

All consecutive patients with synchronous PC of CRC treated with CRS + HIPEC at two 

tertiary referral centers – the Catharina Hospital Eindhoven and the St. Antonius Hospital 

Nieuwegein – between April 2005 and November 2013 were included in the current 

study. Data were extracted from a prospective database, with a focus on patient and 

tumor characteristics, interval between initial surgery and CRS + HIPEC, perioperative 

details, postoperative complications, and survival. Patients were labeled as acute when 

presentation was followed by emergency surgery within 24 h. Complications were scored 

using the serious adverse event score, distinguishing intra-abdominal complications from 

other complications, such as pneumonia or wound infection.6 Regular follow-up was 

performed after hospital discharge.
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Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy

Both hospitals serve as tertiary referral centers in The Netherlands, and all operations 

were performed by a specialized surgical team with expertise in HIPEC. An exploratory 

laparotomy was performed in all patients, as described previously.7,8 CRS + HIPEC 

was only performed in the absence of unresectable liver metastases, with a simplified 

peritoneal cancer index (sPCI)9 < 6 and a PC index (PCI) of < 20 points10. The procedure 

was also cancelled when the surgeons believed an unreasonable length of bowel would 

have to be resected to achieve a macroscopic complete resection. The aim of every 

operation was to remove all visible tumor deposits in the peritoneal cavity. Completeness 

of cytoreduction was scored using the R-score (R1: no macroscopic disease; R2a: residual 

tumor nodules ≤ 2.5 mm in diameter; and R2b: residual tumor nodules between 2.5 

mm and 2.5 cm in diameter). HIPEC procedures were performed by using the open-

colosseum technique. Saline was heated to a temperature of 41–42 °C and perfused 

intra-abdominally. Mitomycin C (35 mg/m2) was added and circulated for 90 min using 

the Performer™ HT (RanD Biotech, Italy).

Statistical analysis

All statistical analyses were performed using the Statistical Package for Social Sciences, 

Version 21.0 (IBM Corporation, Armonk, NY, USA). Patient and tumor characteristics 

were compared between those with acute presentation versus elective presentation 

using a Chi square or Fisher’s exact test according to sample size. Student’s t test or 

Mann–Whitney U was used in case of continuous variables, depending on distribution. 

All tests of statistical significance were two-sided and P < 0.05 was considered significant. 

Kaplan–Meier was used to analyze survival in the different groups. A subanalysis was 

made to compare primary tumor resection within the acute presentation group. A P 

value < 0.05 was considered statistically significant.
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R e s u l t s

Baseline characteristics

In total, 149 patients underwent CRS + HIPEC in one of the hospitals (76 males, 51.0%). 

Median age at presentation for this group was 62 years (range 24–79). In 36 patients 

(24.2%), PC was diagnosed during emergency surgery to relieve symptoms of the pri-

mary tumor. The main reasons for acute presentation were obstruction or perforation 

(58.3 and 27.8%, respectively). The remaining 113 patients (75.8%) were diagnosed and  

treated in an elective setting. In 92 patients, PC was diagnosed during a previous elec tive 

exploratory laparotomy or laparoscopy, and in 20 patients PC was diagnosed without 

previous surgery and patients were directly referred to one of the centers (Figure 1).

The group initially presenting with acute symptoms more often had an exploratory 

laparotomy instead of a laparoscopic approach compared with elective patients (80.6 

versus 53.1%, P < 0.001). Emergency surgery more often resulted in the formation of 

a stoma (66.7 versus 22.1%, P < 0.001) and a non-significant difference in resection 

of the primary tumor (61.1 versus 45.1%, P = 0.10). Acute presentation resulted in 

an interval of 2.2 months (range 0.5–7.8) between the initial operation and the HIPEC 

procedure, being similar to the 2.1 months (range 0.2–32.4) in the elective group (P = 

0.09). No significant influence of neoadjuvant chemotherapy on interval prior to HIPEC 

was noticed. Median interval to HIPEC for patients who did not undergo a resection of 

the primary tumor during initial surgery was 1 month (range 0–6.9) compared with 2.5 

months (range 1.2–32.6) in the primary tumor resection group (P < 0.001). Baseline 

characteristics are shown and compared in Table 1. 
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Table 1, General characteristics of patients undergoing CRS + HIPEC between March 2007 and 
November 2013 for colorectal synchronous peritoneal carcinomatosis

Variable Acute primary,  
N = 36 (24.2%)

Elective primary,  
N = 113 (75.8%)

P value

Gender (N (%))

 Male 29 (66.7) 52 (46.0) 0.03

 Female 12 (33.3) 61 (54.0)

Age at presentation (years (range))a 63.1 (37–76) 62.2 (24–79) 0.77

Reason acute (N (%))

 Obstruction 21 (58.3)  

 Perforation 10 (27.8)  

 Blow out 3 (8.3)  

 Other 2 (5.6)  

Type of primary surgery (N (%))

 Laparotomy 29 (80.6) 60 (53.1) <0.001

 Laparoscopy 5 (13.9) 32 (28.3)

 Unknownb 2 (5.6) 1 (0.9)

 No surgery 20 (17.7)

Primary tumor resection (N (%)) 22 (61.1) 51(45.1) 0.10

Ostomy (N (%)) 24 (66.7) 25 (22.1) <0.001

Interval primary surgery – HIPEC 2.2 (0.5–7.8) 2.1 (0.2–32.4) 0.09

(months (range))a 

Neoadjuvant chemotherapy (N (%)) 7 (19.4) 23 (20.4) 0.91

CRS cytoreductive surgery, HIPEC hyperthermic intraperitoneal chemotherapy
aMann–Whitney U 
bThese patients had surgery, however it was not possible to determine whether laparoscopy or 
laparotomy was performed

 

Primary tumor characteristics

In both the emergency and elective setting, the majority of patients presented with a 

T4 tumor (69.4 and 56.6%, respectively, P = 0.17), and a similar proportion of patients 

presented with N2 stage (38.9 and 51.3%, respectively, P = 0.19). No statistical differences 

were detected regarding the histology (P = 0.59) as well as mucinous differentiation (P = 

0.40). Tumor characteristics are shown in Table 2. 
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Table 2, Primary tumor characteristics

Variable Acute primary (N = 36) Elective primary (N = 113) P value

T-stage (N (%))

 Tl 0 1 (0.9) 0.08

 T2 0 3 (2.7)

 T3 9 (25.0) 45 (39.8)

 T4 25 (69.4) 64 (56.6)

 TX 2 (5.6) 0

N-stage (N (%))

 N0 14 (38.9) 20 (17.2) 0.01

 N1 4 (11.1) 30 (26.5)

 N2 14 (38.9) 58 (51.3)

 NX 4 (11.1) 5 (4.4)

Tumor differentiation (N (%))

 Good 0 5 (4.4) 0.59

 Moderate 21 (58.3) 54 (47.8)

 Poor 8 (22.2) 30 (26.5)

 Signet cell 2 (5.6) 10 (8.8)

 Unknown 5 (13.9) 14 (12.4)

Mucinous (N (%)) 8 (22.2) 36 (31.9) 0.40

Localization of primary tumor (N (%))

 Right colon 13 (36.1) 41 (36.3) 0.25

 Transversum 1 (2.8) 11 (9.7)

 Left colon 4 (11.1) 8 (7.1)

 Sigmoid 14 (38.9) 36 (31.9)

 Rectum 3 (8.3) 17 (15.0)

 Unknown 1 (2.8) 0

 

 

Operative outcomes

The operative outcomes are given in Table 3. When comparing the acute versus elective 

group, no significant difference was measured in operative time (394 versus 377 min, 

P = 0.39) and blood loss (550 versus 625 milliliters, P = 0.47). An R1 completeness of 

cytoreduction score was achieved in 97.2% of the acute group and 97.3% in the elective 

group (Figure 1). 
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Table 3, Peri- and postoperative outcomes

Variable Acute primary  
(N = 36)

Elective primary  
(N = 113)

P Value

ASA score (N (%))

 I 4 (11.1) 16 (14.2) 0.78

 II 28 (77.8) 88 (77.9)

 III 4 (11.1) 9 (8 0)

Regions (N (%))

 I 7 (19.4) 10 (11.0) 0.34

 II 9 (25.0) 23 (20.4)

 III 8 (25.0) 31 (27.4)

 IV 3 (8 3) 23 (20.4)

 V 7 (19.4) 15 (13.3)

  VI 1 (2.8) 9 (8 0)

 VII 0 (0) 1 (0 9)

Operative parameters (range)

 OK time (min) 394 (100–609) 377 (196–700) 0.39

 Blood loss (ml) 550 (50–3,000) 625 (50–6,600) 0.47a 

R-score (N (%))

 I 35 (97.2) 110 (97.3) 0.97

 IIA 1 (2 8) 3 (2 7)

Ostomy after HIPEC (N (%)) 14 (41.2) 49 (43.3) 0.82

Adverse events postoperatively (N (%))

 SAE ≥3 9 (25.0) 25 (22.1) 0.72

 Intra-abdominal 9 (25.0) 29 (25.7) 0.94

Complication type (N (%))

 Wound infection 6 (16.7) 9 (8 0) 0.13

 Leakage 4 (11.11 18 (15.9) 0.48

 Bleeding 1 (2 8) 2 (1.8) 0.71

 Pneumonia 1 (2.8) 5 (4 5) 0.66

 Abscess 3 (8 3) 11 (9.7) 0.80

 Cystitis 3 (8 3) 2 (2 7) 0.13

 Fistulae 1 (2.8) 4 (3 6) 0.82

 lleus 5 (13.9) 21 (18.6) 0.52

 Wound dehiscence 1 (2.8) 2 (1.8) 0.71

Reoperation (N (%)) 6 (16.7) 18 (15.9) 0.92

Length of stay (days (range)) 9.5 (3–81) 10 (4–79) 0.42a 

30-day mortality (N (%)) 0 2 (1.8) 0.42

ASA American Society of Anesthesiologists, HIPEC hyperthermic intraperitoneal chemotherapy
aMann–Whitney U 
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Figure 1, Study flow chart

 

Complications

A total of 34 patients (22.8%) had an SAE score ≥3, including 9 (25%) in the acute 

group and 25 (22.1%) in the elective group (P = 0.72), resulting in 6 (16.7%) and 18 

(15.9%) reoperations, respectively (P = 0.92). No statistical differences were found in the 

occurrence of anastomotic leakages between acute and elective patients (11.1 versus 

15.9%, P = 0.48), postoperative intra-abdominal bleeding (2.8 versus 1.8%, P = 0.71), 

intra-abdominal abscess (8.3 versus 9.7%, P = 0.80), fistulae (2.8 versus 3.6%, P = 0.82), 

ileus (13.9 versus 18.6%, P = 0.52), and length of stay after the procedure (9.5 versus 

10 days, P = 0.42). Postoperative mortality (either in-hospital or 30-day) was 0% in the 

emergency group and 1.8% in the elective group.

Survival analysis

The median follow-up time of the entire group was 16.2  months (range 0.13–90). 

Median survival was 36.1 and 32.1 months after CRS + HIPEC treatment for acute and 

elective patients, respectively (P = 0.73) (Figure 2). 
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Figure 2, Log-rank survival analysis between emergency and elective patients undergoing  
CRS + HIPEC

 
 

D i s c u s s i o n

The current study investigated whether CRC patients being diagnosed with PC during 

surgery for perforation or complete obstruction could eventually benefit from CRS 

followed by HIPEC. Acute presentation of CRC requiring emergency surgery is associated 

with poorer perioperative outcomes and a decreased 5-year survival rate. Bass et al.1 

studied a group of 90 patients operated in an acute setting. They reported overall 

survival to be 59 months compared with 82 months in the elective setting (P < 0.001). 

Similar findings were reported by McArdle and Hole,2 who also showed perioperative 

mortality to be 8.2% compared with only 2.8% in 632 emergency and 1,603 elective 

CRC patients respectively. Furthermore, emergency presentation is also associated with 

advanced tumor and node stage and unfavorable histologic features, as reported by 

Ghazi et al.11 in a retrospective analysis of 129 emergency patients. With regard to PC 

patients, it is known that in patients suffering from pseudomyxoma peritonei (PMP), 

extensive surgery, including primary tumor resection prior to HIPEC, results in more 
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blood loss, a longer operative time and a higher PCI during HIPEC, and a decreased 

recurrence-free survival after HIPEC.12 It is hypothesized that surgical trauma during 

the primary tumor resection causes additional dissemination and progression of the 

peritoneal metastases by releasing growth factors into the peritoneal cavity.13 When this 

hypothesis holds true, especially tumor perforation causing bacterial peritonitis could 

be regarded as detrimental for future treatment in PC patients. However, the lack of 

accurate quantification of PC at the time of primary presentation and inter-observer 

variations make it impossible to evaluate to what extent this process takes place.

PC is one of the metastatic pathways of CRC. At least 5% of all CRC patients will be 

diagnosed with PC at the time of diagnosis, and another 3–5% will develop PC in the 

course of the disease.14,15 Treatment of PC of CRC is extremely challenging. Surgery or 

systemic chemotherapy alone should be regarded as palliative treatment at most, with 

mostly disappointing results.16–18 The only option that has been shown to result in long-

term survival or even cure is CRS followed by HIPEC.19,20 Ideally, patients with PC should 

therefore be referred to a hospital with expertise in treatment of PC including HIPEC 

whenever possible.21 Unfortunately, early diagnosis of PC is problematic. Diagnostic 

modalities such as multi-sliced abdominal computed tomography scans typically achieve 

a sensitivity of only 10–30% for lesions smaller than 1 cm, being the typical size of PC.22 

Therefore, synchronous PC is typically diagnosed by surgeons performing an explorative 

procedure for the primary tumor in the vast majority of cases.5 Also, in the current study 

most patients underwent a laparotomy or laparoscopy before referral to a tertiary center 

for the treatment of their PC.

Given the frequency of PC, especially in advanced CRC, and in most cases the inability to 

diagnose this previous to surgery, it is inevitable that PC will be diagnosed in a relevant 

proportion of CRC patients during emergency surgery. The operating surgeon may then 

be confronted with a seemingly desperate situation given the bad prognosis of both 

emergency surgery and the presence of PC. Interestingly, the current study reveals that 

operative outcomes, postoperative complications and survival in these patients is similar 

compared with patients in whom PC was diagnosed in an elective setting, These findings 

are important since they show that long-term survival may even be achieved in selected 

patients undergoing acute surgery for perforation or bowel obstruction in the presence 

of PC.

It remains important to stress that initial surgery prior to surgery should be as sparing 

as possible, in order not to damage the peritoneal surface and to evoke intraperitoneal 
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release of growth factors, although there is little evidence for the latter. Unfortunately, 

in the majority of cases, we could not retrospectively identify the considerations of 

the individual surgeon to decide for either tumor resection, deviating ostomy, or no 

intervention at all at first presentation. As well as the above-mentioned study by Chua et 

al.12 on PMP patients, a recent paper by Braam and colleagues23 also showed that a two-

stage procedure may lead to more extended bowel resections and permanent colostomies 

in comparison to a one-stage approach. Unfortunately, patients presenting with acute 

symptoms usually require immediate intervention in otherwise life-threatening situations 

such as perforation or total obstruction. Therefore, initial conservative treatment to 

perform delayed surgery including HIPEC in an elective setting is often not possible.

It should be acknowledged that the current study probably reports on a selected group 

of patients. A significant proportion of patients in a seemingly similar situation were 

probably not referred to our hospitals because of the presence of systemic metastases, 

widespread peritoneal disease, or an insufficient general condition to undergo major 

surgery. Also, some patients were deemed not eligible after explorative laparotomy 

took place in our centers, although the proportion of patients in both groups did not 

statistically differ. The relative prosperous results in the current study will therefore not be 

applicable for every CRC patient with PC diagnosed during acute surgery. However, it is 

very likely that a selection of patients who may have benefited from this treatment were 

not referred to an HIPEC center given the currently perceived poor prognosis of such 

patients amongst healthcare providers. The current study shows that this no longer holds 

true in every patient and that CRS and HIPEC should also be considered in CRC patients 

with PC requiring emergency surgery for acute symptoms, including bowel perforation.
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A b s t r a c t

Background

The aim of this study is to investigate whether cytoreductive surgery and hyperther-

mic intraperitoneal chemotherapy (CRS + HIPEC) is a feasible and effective option for 

patients with urological involvement of peritoneal carcinomatosis from colorectal cancer  

(CRC-PC). 

Patients and methods

The characteristics of patients with CRC-PC treated with CRS + HIPEC, with or without 

a urological procedure, between April 2005 and June 2013 in two tertiary centers were 

analyzed. 

Results

Thirty-eight patients (14%) out of 267 CRC-PC patients treated with CRS + HIPEC had 

a urological procedure during cytoreduction. The median survival was not significantly 

different between patients with or without a urological procedure (26.9 versus 32.1 

months, P = 0.29). Severe complications occurred more in patients with a urological 

procedure (47 versus 20%, P < 0.001). In patients with a urological procedure, the 

most frequent complications were gastrointestinal leakage (N = 9) and intra-abdominal 

abscess formation (N = 5). 

Conclusions

Urological resections as a part of CRS + HIPEC in patients with peritoneal carcinomatosis 

of colorectal origin are feasible and effective. Severe complications are prevalent in these 

patients but survival is comparable to patients without involvement of the urinary system.
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B a c k g ro u n d

Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) has 

a proven role in the treatment of resectable peritoneal carcinomatosis (PC) of colorectal 

cancer (CRC).1, 2 One randomized controlled trial showed a significant survival benefit 

compared to systemic chemotherapy.1 Additionally, numerous studies have confirmed the 

benefit of CRS + HIPEC in patients with PC of CRC, with median survival rates of up to 63 

months after diagnosis.3, 4 The goal of cytoreductive surgery is removal of all macroscopic 

tumor nodules within the intra-abdominal cavity, and the intraperitoneal chemotherapy 

is aimed at neutralizing the remaining microscopic cancer cells. Depending on the extent 

of PC, complete cytoreductive surgery frequently consists of omentectomy and multiple 

peritonectomies, coupled with visceral resections of gastrointestinal or genitourinary 

organs. Albeit the improved survival in selected patients with low tumor burden and good 

performance status, postoperative complications remain a prevalent problem after CRS + 

HIPEC and may be lethal in some cases.5 Postoperative complications are mostly related 

to the extent of peritoneal dissemination and its related quantity of cytoreduction.4 

Currently, few data exist on the impact of combined urological procedures in patients 

treated with CRS + HIPEC for peritoneal disseminated colorectal cancer. 

The goal of this study was to evaluate our experience with combined urological proce-

dures in patients treated with cytoreductive surgery and hyperthermic intraperitoneal 

chemotherapy in terms of perioperative morbidity and mortality and long-term overall 

and disease-free survival. We hypothesized that CRS + HIPEC in patients with urological 

involvement results in a more extensive cytoreduction and an increased postoperative 

morbidity and decreased survival. Secondly, we hypothesized that urological anastomoses 

may have an impaired healing because of the chemotherapeutic perfusion.

P a t i e n t s  a n d  m e t h o d s

Patients

Between April 2005 and June 2013, a total of 267 patients was treated with CRS + HIPEC 

for histologically-proven peritoneally-disseminated colorectal cancer in the Catherina 

Hospital, Eindhoven, the Netherlands and St. Antonius Hospital, Nieuwegein, The 

Nether lands. CRS + HIPEC was performed as described earlier.6 Patient data consisting 
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of baseline characteristics, operative and pathology details and follow-up were included 

in a prospective database. A preoperative computed tomography scan of the abdomen 

and thorax was performed in all patients. More advanced diagnostics, such as magnetic 

resonance imaging or positron emission tomography–computed tomography scan are not 

performed routinely. The extent of peritoneal dissemination was determined according 

to the seven abdominal regions system (sPCI).7 Patients with pseudomyxoma peritonei or 

appendiceal cancer were excluded from this analysis as were patients without histological 

confirmation of peritoneal dissemination of the primary malignancy at HIPEC procedure. 

Postoperative complications were graded according to the Clavien-Dindo classification.8 

A urological procedure was defined as an intervention of the kidney, ureter or bladder 

demanding subsequent closure of the respective organ. Peritonectomy of the bladder or 

periureteral dissection were not considered urological procedures. Bowel, bladder and 

ureter continuity are generally restored after HIPEC perfusion. An urologist is commonly 

assisting in the urological procedures. 

Statistical analysis

In case of normally distributed continuous data, results are presented as mean with 

a standard deviation (SD) or in case of non-normal distributed data as median and 

interquartile range (IQR). Comparison between groups was performed with the Mann–

Whitney U-test. Categorical data was compared using the Chi-squared test. Odds ratios 

of several clinical factors for postoperative complications were calculated using logistic 

regression. Survival analysis was performed using the Kaplan-Meier estimator, with 

comparison using the log rank test. Statistical analysis was performed using Statistical 

Product and Service Solutions (SPSS, version 21, Chicago, IL, USA). A P value <0.05 was 

considered as statistically significant.
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R e s u l t s

Patients’ characteristics

Out of the 267 patients, 38 (14%) had an additional urological procedure during 

cytoreductive surgery followed by HIPEC. In 24 patients the resection involved the 

bladder and in 14 patients the resection involved the ureter. Partial cystectomy was 

performed in 21 patients and a complete cystectomy with urinary diversion according to 

Bricker in three patients. The ureteral procedures consisted of partial ureteral resection 

in 13 patients and nephrectomy in one patient. In two of these patients a ureteral 

reimplantation with psoas bladder hitch was performed to restore the urinary tract 

continuity. The characteristics of patients, with a comparison between patients with 

and without an associated urological procedure, is depicted in Table 1. Patients with a 

urological procedure more frequently presented with metachronous PC (66 versus 42%, 

P = 0.006) had longer operating times (median, 460 versus 400 minutes, P < 0.001), 

more intraoperative blood loss (median, 1275 versus 600 ml, P = 0.004) and an increased 

length of hospital stay (13 versus 10 days, P < 0.001). Patients with a resection of the 

ureter presented frequently with metachronous PC as compared to patients without a 

ureter resection (73 versus 44%, P = 0.03). The interval between primary surgery and 

HIPEC did not differ between patients with or without a combined urological procedure 

(synchronous PC: 2.3 versus 2.1 months, P = 0.37 and metachronous PC: 23.9 versus 

17.9 months, P = 0.10).

Patients with a urological procedure did not have a significantly higher PCI score 

compared to patients without a urological procedure (P = 0.18). Although in patients 

with a urological procedure the location of the primary tumor was not different compared 

to patients without urological procedure (P = 0.17), patients with a urological procedure 

showed a trend towards more sigmoid tumors (53 versus 36%, P = 0.06). In patients 

with a ureter resection, 7 (50%) involved the left ureter and 7 ureters (50%) were right-

sided. Tumor involvement of the urological tract was histopathologically confirmed in 

21 patients (55%). The rate of urological procedures did not increase in the subsequent 

years of this study cohort (P = 0.97). Table 2 shows the extent of cytoreduction between 

groups, demonstrating that hysterectomy, rectosigmoid resection or partial small bowel 

resections were more frequently performed in association with a urological resection. 
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Table 1, Baseline characteristics of patients with and without urologic procedures at cytoreduction

Baseline Urologic 
procedure (%)
N = 38

No urologic
procedure (%)
N = 229

P value

Sex
 Male
 Female

18 (42)
23 (58)

103 (45)
126 (55) 0.74

Median age (years) (IQR) 62 (52-69) 61 (54-66) 0.34

T-stage
 T1
 T2
 T3
 T4
 Tx

1 (3)
1 (3)
20 (53)
16 (42)
0

1 (0)
10 (4)
93 (41)
114 (50)
11 (5)

0.30

N-stage
 N0
 N1
 N2
 Nx

16 (42)
9 (24)
11 (29)
2 (5)

60 (26)
68 (30)
87 (38)
14 (6)

0.14

Primary location
 Right colon
 Transverse colon
 Left colon
 Sigmoid colon
 Rectum
 Missing

14 (37)
0
1 (3)
20 (53)
3 (8)
0

85 (37)
14 (6)
19 (8)
83 (36)
27 (12)
1 (0)

0.17

R-score
 R0/1
 R2
 Missing

37 (97)
1 (3)
0

219 (97)
6 (3)
1

1.00

Synchronous PC
Metachronous PC

13 (34)
25 (66)

133 (58)
96 (42) 0.006

Median sPCI (IQR) 3 (2-4) 3 (2-4) 0.18

Median Operation duration (min) (IQR) 460 (420-480) 400 (340-450) <0.001

Median blood loss (ml) (IQR) 1275 (475-2025) 600 (300-1200) 0.004

Median admission duration (days) (IQR) 13 (12-29) 10 (8-15) <0.001

Histology
 Adenocarcinoma
 Mucineus adenocarcinoma
 Signet ring cell
 Missing

28 (74)
6 (16)
1 (3)
3 (8)

146 (64)
54 (24)
11 (5)
18 (8)

0.42

IQR: interquartile range, sPCI: simplified peritoneal cancer index.
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Post-operative morbidity and mortality

Four out of the 267 patients (1.5%) died within 30 days following CRS + HIPEC. All 

patients died as a result of gastrointestinal leakage. The 30-day mortality was higher in 

patients following a urological procedure (three patients (8%) versus one patient (0.5%), 

P < 0.001). In total, 64 patients (24%) suffered from a severe complication (grade 

≥3a) following CRS + HIPEC. Severe complications occurred in 18 patients (47%) in 

the urological-procedure group, compared to 46 patients (20%) without an associated 

urological resection (OR: 3.58, 95%-CI 1.75–7.31, P < 0.001). Forty-nine patients (18%) 

required a reoperation as a result of postoperative complications. The reoperation rate 

was significantly higher in patients following urological resection (37 versus 15%, P = 

0.001). An overview of complications is shown in Table 3. Eight patients had a severe 

urological complication (i.e., urinoma or pyelonephritis requiring ICU admittance), out of 

which 7 were related to the urological procedure at cytoreduction. Apart from specific 

urological complications, gastrointestinal leakage and gastrointestinal fistula were more 

prevalent in patients with an associated urologic procedure (24 versus 10%, P = 0.03 

and 5 versus 0%, P = 0.01, respectively).

In univariate analysis, the following variables were significantly correlated to postoperative 

complications, sPCI (OR: 1.22, 95%-CI 1.00–1.48, P = 0.05), intraoperative blood loss 

(OR: 1.36, 95%-CI 1.05–1.78, P = 0.02), operating time (OR: 1.45, 95%-CI 1.20–1.76, P 

< 0.001) and urological procedures (OR: 3.58, 95%-CI 1.75–7.31, P < 0.001).

In multivariate analysis, operating time (OR: 1.38, 95%-CI 1.08–1.77, P = 0.01) and 

a urological procedure (OR: 2.66, 95%-CI 1.16–6.11, P = 0.021) were significantly 

correlated to severe postoperative complications. 
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Table 2, Extent of cytoreduction in patients with or without urologic procedure

Cytoreduction Urologic 
procedure (%)
N=38

No urologic
procedure (%)
N = 229

 P value

Appendectomy
Cholecystectomy
Hysterectomya

Ovariectomya

Ileocecal resection
Partial small bowel resection
(Partial) pancreatectomy
(Partial) gastrectomy
Rectosigmoid resection
Splenectomy
Subphrenic peritonectomy left
Subphrenic peritonectomy right 

3 (8)
3 (8)
14 (64)
17 (77)
10 (26)
24 (63)
0
1 (3)
24 (63)
0
2 (5)
6 (16)

28 (12)
13 (6)
41 (34)
86 (70)
47 (21)
87 (38)
6 (3)
2 (1)
93 (41)
12 (5)
11 (5)
40 (18)

0.44
0.59
0.008
0.48
0.42
0.004
0.31
0.34
0.011
0.15
0.90
0.80

aonly in female patients

Table 3, Postoperative complications (grade ≥3a)

Complication Urologic 
procedure (%)
N=38

No urologic
procedure (%)
N = 229

 P value

Bleeding
Ileus
Gastrointestinal leakage
Abscess
Fistula
Pneumonia
Urinary tract infection
Urine leakage/urinoma

0
1 (3)
9 (24)
5 (13)
2 (5)
0
3 (8)
4 (11)

3 (1)
4 (2)
22 (10)
14 (6)
0 (0)
2 (1)
0
1 (0.4)

0.48
0.71
0.03
0.22
0.01
0.56
<0.001
<0.001

Long-term survival

At a median follow-up of 26.7 months, 160 patients (60%) were alive. The median 

follow-up and percentage of surviving patients was not significantly different between 

patients with or without a urological procedure (34.1 months versus 26.7 months, P = 

0.66 and 53 versus 61%, respectively, P = 0.48). Median overall survival in the entire 

group of patients was 32.0 months. In Figure 1, the Kaplan-Meier curve of overall 

survival following CRS + HIPEC is depicted with a comparison between patients with or 

without an associated urological procedure, showing no significant difference between 
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overall survival in these groups (26.9 versus 32.1 months, P = 0.29). The median disease-

free survival was 14.5 months; 16.2 months in patients with an associated urological 

procedure and 14.5 months in patients without an associated urological procedure (P = 

0.20, Figure 2).

Figure 1, Kaplan-Meier survival curve following HIPEC in months, median OS: 32.1 versus  
26.9 months

Figure 2, Kaplan-Meier disease-free survival curve following HIPEC in months, median DFS: 14.5 
versus 16.2 months



Chapter 7

120

D i s c u s s i o n

In the current study, we investigated the impact of combined urological procedures 

during cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in patients 

with peritoneally-metastasized colorectal cancer. Although patients with a urological 

procedure showed a significantly increased rate of postoperative morbidity and mortality, 

long-term and disease-free survival was not different between patients with or without 

urological procedures. The increased morbidity rate was probably mostly related to the 

extent of visceral resections, rather than the urological procedure by itself. As shown, 

postoperative morbidity predominantly consisted of gastrointestinal complications, i.e., 

gastrointestinal leakage, intra-abdominal abscess and fistula formation. Additionally, 

although the extent of peritoneal dissemination, measured by sPCI, was comparable 

between the groups, patients with urological procedures presented with more extensive 

locoregional recurrent disease requiring more visceral resections. Patients with a 

urological procedure had an increased rate of rectosigmoid resections, hysterectomies 

and partial small bowel resections most likely arising from their close anatomical relation. 

Urological procedures were significantly more performed in patients with metachronous 

PC compared to patients with synchronous PC. An explanation for this phenomenon 

may be that retroperitoneal involvement of peritoneal metastasis may develop more 

frequently after prior surgical trauma, giving free floating tumor cells the possibility to 

reach the retroperitoneal plane.9

Direct metastasis of colorectal cancer to the urogenital tract is rare and has only been 

described in case-reports or small case series.10 In contrast, primary tumor ingrowth or 

locoregional or peritoneal metastases is more frequent. Accurate incidence data are 

currently not available. In our study, involvement of the urological tract was confirmed 

histopathologically in 21 patients (55%). This shows that it is difficult to preoperatively 

distinguish inflammatory adhesions between anatomical structures from malignant 

invasion. This is also demonstrated in other studies investigating en bloc resections 

of urological organs without HIPEC.11 In doubtful intraoperative situations, one often 

decides in favor of extended en bloc resections. This may result in a higher number of 

complete cytoreductions and better survival at the cost of more extensive resections 

with non-malignant definite pathology findings. Frozen section procedures are more 

often than not a helpful tool in this situation; in the future, intraoperative tumor-specific 

fluorescence imaging may possibly aid in a more accurate diagnosis of malignant and 
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non-malignant adhesions and degree of peritoneal dissemination.12

The current study may be limited by its retrospective design, which precludes definite 

conclusions especially with regard to the post-operative mortality. To our knowledge, 

we reported on the largest cohort of urological procedures in exclusive colorectal cancer 

patients treated with CRS + HIPEC for peritoneal carcinomatosis. Four other studies have 

investigated the influence of an associated urological procedure during cytoreductive 

surgery and hyperthermic intraperitoneal chemotherapy.13-16 All these studies incorporated 

procedures for various primary malignancies. Between 7 and 20% of patients needed 

a urological procedure. Contrary to our study, all these reports concluded that urinary 

tract procedures at CRS + HIPEC do not increase postoperative morbidity and can be 

performed safely. Similar to our study, no adverse effect on the survival of patients 

treated with CRS + HIPEC was reported. The rationale of hyperthermic intra-peritoneal 

chemotherapy is to eradicate residual tumor cells by cytotoxic chemotherapy. Inevitably 

the chemotherapeutic drugs also affect healthy tissues and impaired wound healing 

may occur. For instance, decreased strength of colonic anastomoses has been described 

in experimental models following hyperthermic intraperitoneal chemoperfusion with 

mitomycin or cisplatin.17, 18 The effect of hyperthermic intraperitoneal chemotherapy on 

the healing of urological anastomoses is currently unknown. In our study the number 

of urological leakages is limited (11%) and comparable to similar urological procedures 

without hyperthermic intraperitoneal chemotherapy.11

In conclusion, cytoreductive surgery in combination with HIPEC in patients requiring 

urological resection, as part of the cytoreduction, is associated with significant post-

operative morbidity and mortality, probably due to an overall more extensive cyto-

reduction. Urological procedures as a part of CRS + HIPEC can be performed safely, 

with limited urological-associated complications. Long-term survival was shown to be 

similar in patients with a urological procedure during CRS + HIPEC, compared to patients 

without additional surgery of the urinary system. Patients with peritoneal carcinomatosis 

with urologic involvement should be evaluated in an experienced peritoneal surface 

malignancy center and treatment should be based on individual patient characteristics. 

Urological involvement of colorectal peritoneal metastases should not be regarded as an 

exclusion criterion in these patients.
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A b s t r a c t 

Background

The aim of the current study is to evaluate our experience in colorectal cancer patients 

with synchronous peritoneal and liver metastases treated with cytoreductive surgery 

(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC).

Methods 

A prospectively maintained database of patients with PC of colorectal cancer treated 

with complete CRS + HIPEC, between April 2005 and July 2014, in two tertiary referral 

hospitals was retrospectively analyzed. Patients with synchronous liver metastases  

(N = 18) were compared to patients without liver metastases (N = 276).

Results

In our cohort, liver metastases were significantly more present in patients with 

metachronous peritoneal metastases compared to patients with synchronous peritoneal 

metastases (67 versus 41%, respectively, P = 0.03). Patients with liver metastases 

showed a trend towards more extensive dissemination of PC (median number of 

affected regions: 4 versus 3, P = 0.08). Severe complications did not occur more in 

patients with synchronous liver metastases (44.4 versus 36.6%, P = 0.50). After a follow-

up of 33.7 months, the overall median survival was 33.3 months, with a five year survival 

rate of 34%. Overall survival was not significantly different in patients with or without 

concomitant liver metastases (median overall survival: 32.1 versus 34.6 months, P = 

0.91).

Conclusions

In carefully selected patients with peritoneal carcinomatosis and synchronous liver 

metastases, CRS + HIPEC is feasible and results in a similar survival compared to patients 

without liver metastases. This study justifies further exploration of combined treatment 

of hepatic and peritoneal metastases under careful and well-defined conditions. 
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I n t ro d u c t i o n

Colorectal cancer is a common and frequently fatal disease. Although the prognosis 

of colorectal cancer has improved the past decades, yearly approximately 700 000 

patients worldwide die of colorectal cancer.1 Systemic dissemination to the liver, lung or 

peritoneum is the most prevalent cause of death in these patients. Formerly, disseminated 

colorectal cancer was regarded as incurable and treated with palliative chemotherapy 

or best supportive care. Advancements in perioperative care, surgical techniques and 

perioperative chemotherapy has led to an increase of metastasectomies with curative 

intent. 

Metastasectomy for liver metastases is associated with a median survival of 3.6 years, 

and a five-year survival rate of 38%.2 Cytoreductive surgery (CRS) combined with 

hyperthermic intraperitoneal chemotherapy (HIPEC) in peritoneal colorectal metastases 

results in a median survival up to 60 months and a five-year survival rate of 40%.3 In 

both liver metastasectomy and CRS + HIPEC, completeness of resection is the most 

important prognostic factor.2,4 A recent publication comparing colorectal liver and 

peritoneal resection, showed similar survival rates when stratifying for completeness of 

resection.5 The complication rates are comparable between both treatment strategies.6 

Synchronous hepatic metastases are generally considered a contraindication for CRS + 

HIPEC. There is increasing attention however for the surgical treatment of concomitant 

metastases in multiple organs.7-9

The goal of the current study is to evaluate our experience in colorectal cancer patients 

with synchronous peritoneal and liver metastases treated with CRS + HIPEC and liver 

metastasectomy.

P a t i e n t s  a n d  m e t h o d s

Patients

A prospectively maintained database of all patients with PC of colorectal cancer treated 

with CRS + HIPEC, between April 2005 and July 2014, in two tertiary referral hospitals in 

the Netherlands (St. Antonius Hospital, Nieuwegein and Catharina Hospital, Eindhoven) 

was retrospectively analyzed and all patients with synchronous peritoneal and liver 

metastases were identified. Patients were included if complete cytoreduction (R1) was 
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achieved for histological proven peritoneal disseminated colorectal cancer. Patients with 

appendiceal or pseudomyxoma peritonei were not included in the current analysis. 

Patient selection for CRS + HIPEC was primarily based on patients’ physical condition and 

extent of dissemination. Preoperative abdominal and thoracic computed tomography are 

generally performed to determine the presence of extraperitoneal metastases. Eligibility 

for HIPEC treatment and liver metastasectomy was decided by the local multidisciplinary 

tumor board. HIPEC treatment was performed as previously described.10 At laparotomy 

prior to CRS an intra-operative liver ultrasonography was performed to characterize the 

hepatic lesions. Following complete cytoreduction liver metastasectomy was performed 

followed by perfusion of the abdominal cavity with 35 mg/m2 mitomycin for 90 minutes 

at 42 °C using an open-abdominal technique. Bowel continuity was restored after 

perfusion. Follow-up was performed generally every three months in the first 2 years 

and semi-annually afterwards. Postoperative complications were graded according to 

the Clavien–Dindo classification.

Statistical analysis

Comparison was made between patients with and without concomitant hepatic 

metastases treated with CRS + HIPEC. Categorical data was compared using the chi-

squared test, and numerical data using the Mann Whitney U test. Overall and disease-

free survival determined using the Kaplan-Meier analysis method, comparison between 

survival was formed using Log Rank test. Statistical Package for Social Sciences, Version 

21.0 (IBM Corporation, Armonk, NY, USA) was used for statistical analysis.

R e s u l t s

Baseline characteristics

Out of 294 patients treated with CRS + HIPEC for peritoneal carcinomatosis of colorectal 

cancer 18 patients (6.1%) had synchronous liver metastases. Liver metastases were 

significantly more found in patients with metachronous peritoneal metastases compared 

to patients with synchronous peritoneal metastases (67 versus 41%, respectively, P = 

0.03). Although not significantly different, patients with liver metastases showed a trend 

towards more extensive dissemination of PC (median number of affected regions: 4 

versus 3, P = 0.08). There was a trend towards a longer operative time in patients with 
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concomitant liver metastases. There was a stable rate of patients with concomitant 

liver metastases, during successive years of the study period (P = 0.78). The baseline 

characteristics of these patients are depicted in Table 1.

Table 1, Baseline characteristics of 294 patients treated with complete CRS + HIPEC in numbers (%)

Liver metastases No liver metastases P value 

Gender
 Male
 Female

5 (28)
13 (72)

124 (45)
152 (55) 0.16

Age (median, IQR) 57.2 (50.0 – 63.6) 62.3 (55.2 – 67.9) 0.12

Affected regions (median, IQR) 4 (2.75 – 5) 3 (2 – 4) 0.08

Primary location
 Right
 Transverse colon
 Left
 Sigmoid
 Rectum

4 (22)
1 (6)
1 (6)
11 (61)
1 (6)

108 (40)
16 (6)
20 (7)
100 (37)
29 (11) 0.35

Primary T stagea

 T1
 T2
 T3
 T4

0
1 (6)
9 (50)
8 (44)

2 (1)
9 (3)
116 (43)
140 (52) 0.87

Primary N stageb

 N0
 N1
 N2

4 (22)
7 (39)
7 (39)

83 (31)
77 (29)
106 (40) 0.60

Synchronous PC
Metachronous PC

6 (33)
12 (67)

164 (59)
112 (41) 0.03

Operation duration (Min, median, IQR) 420 (360 - 478) 400 (324 – 450) 0.06

Blood loss (ml, median, IQR) 700 (225 – 2750) 700 (300 – 1200) 0.44

Hospital Stay (days, median, IQR) 12 (9 – 15) 11 (8 – 16.8) 0.41

aT-stage, 9 missings, bN-stage, 10 missings

 

Treatment characteristics

In 11 out of 18 patients (61.1%), the presence of liver involvement was known prior 

to the CRS + HIPEC. In seven patients (38.9%), liver involvement was diagnosed 

intraoperatively. Three patients with liver metastases were treated with neoadjuvant 

chemotherapy prior to CRS + HIPEC (16.7%), compared to 29 (10.5%) without liver 

metastases (P = 0.42). Fifteen patients (83.3%) had a single liver metastasis and three 

patients (16.7%) had multiple liver metastases (Two patients with two metastases and 
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one with three metastases). Synchronous liver metastasectomy during CRS + HIPEC was 

performed in 14 patients (78.8%). Of the resected metastases, seven were located in 

the right lobe (50%) and six in the left lobe (42.9%), one patient (7.1%) had bilobulair 

disease. All liver metastasectomies were either wedge or segmental resections. In two 

of the remaining four patients the liver metastases showed a complete macroscopic 

response after neoadjuvant chemotherapy and it was decided to refrain from liver 

resection. In one patient the liver metastases were treated postoperatively with 

percutaneous radiofrequency ablation (RFA), and in one patient who was scheduled 

for liver metastasectomy after CRS + HIPEC, it was decided to treat the patient with 

palliative chemotherapy. The liver metastasectomy was microscopically radical (R0) in 

ten patients (71.4%) and microscopically irradical (R1) in 4 patients (28.6%). Thirteen 

patients (72.2%) with liver metastases received adjuvant chemotherapy following CRS + 

HIPEC, compared to 191 patients without liver metastases (69.2%, P = 0.79). 

Postoperative complications

An overview of postoperative complications after CRS + HIPEC is given in Table 2. Overall 

severe complications (Clavien-Dindo ≥ 3) were not more frequent in patients with 

concomitant liver metastases (44.4 versus 36.6%, P = 0.50). Intra-abdominal abscess 

formation was significantly more prevalent in patients with concomitant liver metastases 

compared to patients without liver metastases (27.8 versus 10.5%, P = 0.03). None of 

the abscesses were located in the liver bed.

Table 2, Number of patients with postoperative complications following CRS + HIPEC (%)

Liver metastases No liver metastases P value 

Serious complication  
(Clavien-Dindo ≥ 3)

8 (44.4) 101 (36.6) 0.50

Reoperation 1 (5.6) 51 (18.5) 0.16

Ileus 1 (5.6) 24 (8.7) 0.64

Bleeding 0 1 (1.8) 0.57

Anastomotic leakage 0 32 (15.6) 0.18

Pneumonia 0 16 (5.8) 0.29

Urinary tract infection 3 (16.7) 19 (6.9) 0.13

Fistula 0 11 (4.0) 0.39

Intra-abdominal abscess 5 (27.8) 29 (10.5) 0.03

Wound complications 1 (5.6) 35 (12.7) 0.37
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Long-term outcomes

After a median follow-up of 33.7 months, the overall median survival was 33.3 months, 

with a five year survival rate of 34%. Overall survival was not significantly different in 

patients with or without concomitant liver metastases (Figure 1). During follow-up, in 170 

patients (58%) recurrence was diagnosed. Intra-abdominal recurrence was diagnosed in 

120 patients (71%), liver recurrence in 39 patients (23%), and pulmonary recurrence 

in 47 patients (28%). The rate of intra-abdominal and pulmonary recurrence was not 

significantly different between patients with or without concomitant liver metastases (44 

versus 42%, P= 0.82, 17 versus 16%, P = 0.94, respectively). Patients with concomitant 

liver metastases had significantly more liver recurrence compared to patients without liver 

metastases (33 versus 12%, P = 0.01). The disease-free survival following CRS + HIPEC 

was 14.0 months. There was no significant difference between disease-free survival in 

patients with or without concomitant liver metastases (10.5 versus 14.5 months, P = 

0.18).

Figure 1, Overall survival following cytoreductive surgery and HIPEC, median overall survival 32.1 
versus 34.6 in patients with and without synchronous liver metastases (N = 18 versus N = 276),  
P = 0.91
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Figure 2, Disease-free survival following cytoreductive surgery and HIPEC, median overall  
survival 10.5 versus 14.5 in patients with and without synchronous liver metastases  
(N = 18 versus N=276), P = 0.18

 
D i s c u s s i o n

In the current study, we present our experience with cytoreductive surgery combined 

with hyperthermic intraperitoneal peritoneal chemotherapy in patients with peritoneal 

metastases of colorectal cancer with concomitant liver metastases (LM). In total, 18 of 

294 patients (6.1%) treated with CRS + HIPEC had liver metastases. The overall and 

disease-free survival in patients with liver metastases was not significantly different from 

patients without liver metastases. There was no significant increase in the number of 

severe complications, although the rate of intra-abdominal abscesses was significantly 

higher in patients with synchronous liver metastases. Patients with concomitant liver 

metastases had significantly more liver recurrence during follow-up compared to patients 

without liver metastases.
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Approximately 2% of patients with colorectal cancer present with synchronous 

peritoneal carcinomatosis combined with liver metastases, which is 11% of patients 

with synchronous liver metastases and 34% of patients with synchronous peritoneal 

carcinomatosis.11 Approximately 4% of patients develop metachronous peritoneal 

carcinomatosis following curative treatment, and about 20% of these patients also 

develop concomitant liver metastases, as the only other affected organ.12 The median 

survival in untreated patients with synchronous PC and LM is 4.6 months, and may be 

extended by palliative chemotherapy to 12 months.11 The survival of these patients rarely 

exceeds the 36 months, which was the median survival in our patient group with both 

peritoneal carcinomatosis and liver metastases.

The literature on the treatment of peritoneal carcinomatosis combined with liver 

metastases is scarce as shown in a recent systematic review and meta-analysis.7 

Contradictory to our study, a lower median survival was seen in patients treated with 

CRS + HIPEC for peritoneal carcinomatosis and concomitant liver metastases. This 

survival difference may be due to the heterogeneity between the included studies, in the 

different treatment regimens and the difference in extent of metastases. A recent report 

by Randle et al. of 17 colorectal cancer patients with peritoneal carcinomatosis and 

hepatic involvement also showed a significantly poorer survival.13 The largest reported 

cohort of colorectal cancer patients with peritoneal carcinomatosis and liver metastases 

includes 61 patients.14 The study comprises a heterogeneous population, and apart from 

a survival comparison no additional information is provided. 

In our study, only patients with well-resectable liver lesions, three or less, were treated 

with cytoreductive surgery and HIPEC, as suggested by the consensus meeting from 

the Fifth International Workshop on Peritoneal Surface Malignancy15 and in nearly 

all our patients a R0/1 resection for peritoneal metastases and a R0 resection for the 

liver metastases was achieved. The results in our study support the current consensus 

regarding the treatment of peritoneal carcinomatosis with concomitant liver metastases. 

Four patients in our study underwent no resection for their liver metastases but were 

treated otherwise either by chemotherapy alone or additional RFA. As the outcome in 

these patients was comparable to the resection group this suggests that an aggressive 

treatment including CRS + HIPEC may be justified in selected patients.

The role of chemotherapy in both patients with liver metastases and in patients with 

peritoneal carcinomatosis is a matter of debate. In our study, only three patients (16.7%) 

with liver metastases were treated with neoadjuvant chemotherapy, and thirteen patients 
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(72.2%) received adjuvant chemotherapy following CRS + HIPEC. Although numerous 

retrospective trials have suggested a survival benefit of perioperative chemotherapy in 

patients with resectable liver metastases, several randomized trials could not demonstrate 

an actual overall survival of chemotherapy in these patients.16,17 In patients with peritoneal 

carcinomatosis treated with CRS + HIPEC, only a few retrospective cohorts report the 

beneficial effect of adjuvant chemotherapy.18 Neoadjuvant chemotherapy may result 

in downsizing of the tumor and creating resectable margins in patients with initially 

unresectable liver metastases.19 In patients with peritoneal carcinomatosis, neoadjuvant 

chemotherapy does not seem to increase resectability of peritoneal metastases.20

Our study is limited by its retrospective nature, and selection bias may have influenced 

our results. A prospective randomized controlled trial, would give the definite answer 

whether concomitant CRS + HIPEC and liver metastasectomy is beneficial in patients 

with synchronous PC and liver metastases. It will be challenging to conduct such a 

trial as the number of eligible patients is limited and the patient population with both 

peritoneal and liver metastases is inevitably heterogeneous. Currently, larger studies with 

homogenous subgroup analyses of patients with concomitant peritoneal metastases and 

liver metastases are warranted to give more insight in the treatment of this complex 

group of patients.

C o n c l u s i o n s

In carefully selected patients with peritoneal carcinomatosis and synchronous liver 

metastases, CRS + HIPEC combined with liver metastasectomy is feasible and results in a 

similar survival compared to patients without liver metastases. The outcome of our study 

justifies further exploration of combined treatment of hepatic and peritoneal metastases 

under careful and well-defined conditions. 
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A b s t r a c t

Background

Several studies have shown the potential benefit of cytoreductive surgery combined with 

hyperthermic intraperitoneal chemotherapy (HIPEC) in gastric cancer patients. At present 

the most effective chemotherapeutic regime in HIPEC for gastric cancer is unknown. The 

aim of this review was to provide a comprehensive overview of chemotherapeutic agents 

used for HIPEC in gastric cancer.

Methods

A literature search was conducted using the PubMed database to identify studies on 

chemotherapy used for HIPEC in gastric cancer patients.

Results and conclusion

The chemotherapeutic regime of choice in HIPEC for gastric cancer has yet to be 

determined. The wide variety in studies and study parameters, such as chemotherapeutic 

agents, dosage, patient characteristics, temperature of perfusate, duration of perfusion, 

carrier solutions, intraperitoneal pressure and open or closed perfusion techniques, 

warrant more experimental and clinical studies to determine the optimal treatment 

schedule. A combination of drugs probably results in a more effective treatment.
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B a c k g ro u n d

Worldwide, approximately one million patients are diagnosed with gastric cancer every 

year.1 With a five-year survival rate of 15–25%, gastric cancer is the second leading 

cause of cancer-related death.1-3 The disease is often diagnosed at an advanced stage 

and frequently with synchronous peritoneal metastasis.4 Locoregional recurrence and 

peritoneal carcinomatosis are the most frequently encountered sites of treatment failure 

after potentially curative resection.5 The survival of patients with peritoneal dissemination 

of gastric cancer is poor, with a median survival of 3.1 months.6

Following the beneficial outcome in various other peritoneal surface malignancies (e.g., 

pseudomyxoma, colorectal, ovarian), cytoreductive surgery (CRS) with hyperthermic intra-

peritoneal chemotherapy (HIPEC) is increasingly investigated as a treatment option  

in selected gastric cancer patients. The indications for HIPEC in gastric cancer are roughly 

divided in HIPEC as a prophylaxis following curative surgery to prevent peritoneal 

metastasis and local recurrence, or as a treatment of established peritoneal carcinomatosis. 

In advanced gastric cancer patients, a recent meta-analysis of ten randomized controlled 

trials has shown that prophylactic HIPEC may potentially improve overall survival and may 

prevent local recurrence.7

One randomized controlled trial has reported the outcome of HIPEC in patients with 

established peritoneal carcinomatosis of gastric cancer.8 A significant median survival 

benefit was shown in the CRS  +  HIPEC group (11.0 versus 6.5 months, P  =  0.046) 

compared to CRS alone, whereas the rate of serious adverse events did not differ 

significantly.

The characteristics of the ideal drug for intraperitoneal usage are extensive. For 

instance, important attributes are proven systemic activity, favorable pharmacokinetics, 

concentration related cytotoxicity, adequate tissue penetration, acceptable local toxicity, 

synergy with hyperthermia and safety of administration for hospital personnel.9

Various chemotherapeutic agents are used in HIPEC for gastric cancer patients, among 

which mitomycin, cisplatin and taxanes, but the most effective drug or combination of 

drugs has yet to be determined. The aim of this review is to provide a comprehensive 

overview of present chemotherapeutic agents used for HIPEC in gastric cancer.
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M e t h o d s

A literature search was conducted using the PubMed database to identify studies, 

published between January 1980 and June 2013, on chemotherapy used for HIPEC in 

gastric cancer patients. The following search terms, in various combinations, were used: 

intraperitoneal, peritoneal, gastric, stomach, neoplasms, cancer, pharmacokinetics, 

mitomycin, platinum compounds, taxanes, anthracyclines, irinotecan, catumaxomab, 

hyperthermia, intraoperative period, time to progression, survival, response rate. Relevant 

citations were separately analyzed.

Results are presented for each individual chemotherapeutic drug. Data are presented 

according to the in vivo or in vitro effect on gastric cancer. For each drug, studies 

on intraperitoneal use in humans or animals are described; when extensive data of 

intraperitoneal administration of the drug in humans were present, animal studies 

were not further analyzed. Studies on the intraperitoneal administration were analyzed 

for toxicity profiles, pharmacokinetics and effect status. Studies on the subject of 

environmental hazards and safety of drug administration are presented in summary. 

For each category of drugs a summary is provided of its present status and role in 

intraperitoneal administration in gastric cancer patients. In the pharmacokinetic analysis, 

attention was focused on area under the curve (AUC) ratio, which is calculated by 

dividing the total perfusate concentration over time by the total plasma concentration 

over time, which gives a representation of the amount of chemotherapy absorbed 

during the HIPEC procedure. Additionally, the maximum concentration of chemotherapy 

(Cmax) in the perfusate and plasma with corresponding ratio is reported. Furthermore, 

intraperitoneal half-life of the drug is an important pharmacokinetic parameter, which 

is influenced by the uptake of chemotherapy through the peritoneum and degradation 

of the agent during intraperitoneal perfusion. A high AUC ratio may reflect high local 

efficacy and low systemic toxicity. Consequently, a high AUC ratio demonstrates the 

pharmacokinetic advantage of administrating chemotherapeutic drugs intraperitoneal 

compared to intravenous administration of the same chemotherapeutic drugs.

Several questions currently exist in the execution of HIPEC perfusion in gastric cancer 

patients. HIPEC is generally performed with an open abdominal approach using a 

coliseum technique or closed abdominal technique which uses transabdominal drains 

to deliver and remove the intraperitoneal chemotherapy during HIPEC. Centers treating 

peritoneal surface malignancies use different temperatures during intraoperative 
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intraperitoneal perfusion, frequently hyperthermia between 41 and 43  °C is applied, 

resulting from the in vitro heat augmentation of several drugs used for intraperitoneal 

administration. However, normothermic perfusion is currently also investigated, as the 

evidence for additional benefit of hyperthermia is limited. The duration of perfusion is a 

matter of investigation, frequently a 90 min HIPEC is performed, based on the first studies 

describing intraoperative intraperitoneal chemotherapy. However, experiments with both 

shorter and longer perfusion have been performed in various HIPEC regimes. Lastly, an 

important question is whether monotherapy or a combination of drugs should be used. 

Studies investigating the influence of the aforementioned variances in HIPEC treatment 

were presented when appropriate. Using clinicaltrials.gov, currently performed trials of 

intraperitoneal administration of chemotherapeutic drugs in gastric cancer patients were 

identified and directions of future research are indicated.

R e s u l t s

Mitomycin

Following the widespread use of mitomycin in HIPEC for colorectal peritoneal carcino-

matosis (PC) and pseudomyxoma peritonei, nearly all studies on HIPEC in gastric cancer 

have used mitomycin as shown in Table 1. Mitomycin acts as an alkylating agent and 

produces DNA cross-linking, thus inhibiting DNA and RNA synthesis. The response rate 

of systemic mitomycin in gastric cancer is moderate and inferior to newer drugs, such 

as taxanes and platinum-containing drugs. Furthermore, the safety profile of systemic 

mitomycin is problematic.

In the largest pharmacokinetic analysis of intraperitoneal mitomycin in 145 patients, 

the AUC ratio was 27, which is consistent with several other studies.10 Mitomycin was 

administered in a single dose of 15 mg/m2 and perfusion was continued for 90 min at 

42 °C. The peak plasma concentration was 0.25 μg/mL at 30 min, compared to the peak 

intraperitoneal concentration of 10 μg/mL at the start of the perfusion. After 90 min, 

29% of the total dose was still in the perfusion fluid and 9% was excreted in the urine. 

Thus, 62% of the drug was retained within the patient’s body.10
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The toxicity profile of intraperitoneal mitomycin has been described extensively and has 

shown acceptable morbidity and limited systemic toxicity.11 In vitro, heat augmentation 

of mitomycin has been established in multiple, including gastric, cell lines. Mitomycin can 

be safely used in HIPEC as the environmental exposure demonstrated by ambient air and 

biological monitoring, is below the detection limit of 1 μg/L.12 Mitomycin is a safe drug 

for HIPEC in gastric cancer patients, but, resulting from its relative limited systemic effect 

in gastric cancer patients, other drugs should be investigated.

Platinum-based agents

The platinum-containing drugs cisplatin and oxaliplatin are both frequently used 

antineoplastic drugs in gastrointestinal malignancies and have been extensively 

investigated. After intracellular hydrolysis, the reactive products of these drugs bind 

irreversibly to DNA which results in inhibition of DNA synthesis. As shown in Table 1, 

cisplatin has frequently been studied in HIPEC for gastric cancer, almost invariably in 

combination with mitomycin. The dosage of cisplatin in this studies varied between 50 

and 200 mg/m2 with perfusion times ranging from 60 to 90 min. Oxaliplatin has been 

investigated in only one study, including 32 patients treated with 460 mg/m2 oxaliplatin 

for 60 min at 43  °C.13 In this retrospective case series, the median survival increased 

from 10.4 months with CRS to 15.5 months in CRS + HIPEC, and no differences were 

observed in serious adverse events between CRS or CRS + HIPEC.

In an in vitro study, five gastric cancer cell lines were found to be more sensitive to 

oxaliplatin compared to cisplatin.14 In the systemic treatment of advanced gastric cancer 

a small but significant survival benefit of oxaliplatin over cisplatin was observed in a 

meta-analysis, while intravenous oxaliplatin was associated with less toxicity and better 

tolerability.15 There are no randomized studies comparing these two drugs in gastric 

cancer patients. In a rat model comparing intraperitoneal administration of cisplatin and 

oxaliplatin, the peritoneal and plasma AUC were both higher for oxaliplatin.16 Although, 

this did not result in significant differences in platinum concentrations in tissues such as 

kidney, lung, liver, intestines and peritoneal tumors. These data suggest pharmacological 

advantages of oxaliplatin compared to cisplatin, but these were not enough to induce 

significant response differences.

The standard dosage of oxaliplatin for intraperitoneal use, 460 mg/m2 for 30 min, is based 

on a phase I trial performed by Elias et al. in colorectal cancer.17 As 5-FU and oxaliplatin 

have a proven synergistic activity, induction systemic administration of 5-fluorouracil (5-
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FU) and leucovorin is often added prior or during the HIPEC-procedure to enhance the 

cytotoxic effect of oxaliplatin.17 An overview of the pharmacokinetic analyses in humans 

of intraoperative intraperitoneal cisplatin or oxaliplatin is depicted in Table 2 and Table 

3.17-32 The AUC ratios vary between 2.9 and 20.6 for cisplatin and between 12.8 and 13.7 

for oxaliplatin. The results of pharmacokinetic studies vary widely based on the various 

sampling schedules and other parameters, including patient characteristics, dosage, 

temperature of perfusate, duration of perfusion, type of carrier solution, intraperitoneal 

pressure, and the HIPEC technique (open versus closed), which makes the comparison 

between studies difficult. The maximal concentration (Cmax) in the perfusate in HIPEC 

was consistently higher than the plasma Cmax for both cisplatin and oxaliplatin, 

resulting in Cmax ratios between 10 and 36 and between 19 and 32 for cisplatin and 

oxaliplatin, respectively. After 30 min of perfusion with oxaliplatin, approximately half of 

the oxaliplatin is located in the perfusion fluid and discarded.17,27,29,30 Thus, half of the 

oxaliplatin remains in the body, however, the exact location and activity of the agent 

is unknown. After 90 min of perfusion with cisplatin, approximately 75% is absorbed 

in the body.18-20,22,23,26 These results lead to a T1/2 in the perfusate of about 30 min for 

oxaliplatin and 45 min for cisplatin.

In animal models, high pressure administration of cisplatin and oxaliplatin both resulted 

in increased tissue penetration.33 The safety and efficacy, including tissue penetration, of 

high pressure administration of cisplatin and oxaliplatin have not been investigated in 

humans.

The toxicity of both cisplatin and oxaliplatin is acceptable, with limited hematological 

adverse effects,13,34,35 but in contrast to oxaliplatin, cisplatin is nephrotoxic. Systemic 

administration of sodium thiosulfate diminishes the risk of development of renal toxicity. 

Howell et al. have demonstrated that sodium thiosulfate diffuses into the peritoneal 

cavity after intravenous administration.36 The concentrations were ten times lower than 

in the systemic compartment and were found, based on in vitro data, not high enough 

to inhibit the intraperitoneal anti-tumor activity of cisplatin.36



Chapter 9

148

Ta
b

le
 2

, P
ha

rm
ac

ok
in

et
ic

 a
na

ly
si

s 
of

 in
tr

ao
pe

ra
tiv

e 
in

tr
ap

er
ito

ne
al

 c
is

pl
at

in

A
u

th
o

r, 
ye

ar
N

D
o

sa
g

e 
(m

g
/m

2 )
C

ar
ri

er
 s

o
lu

ti
o

n
D

u
ra

ti
o

n
 

(m
in

)
Te

m
p

.  
(°

C
)

A
b

so
rb

ed
 

(%
)

T 1
/2

 p
er

fu
sa

te
 

(m
in

)
A

U
C

 r
at

io
C

m
ax

 r
at

io

St
ep

he
ns

, 1
99

618
8

50
PD

 fl
ui

d
12

0
41

–4
3

86
 ±

 6
48

 ±
 1

4
6.

9 
±

 3
.6

va
n 

de
 V

aa
rt

, 
19

98
19

5
50

–7
0

Is
ot

on
ic

 s
al

in
e

90
42

76
15

 ±
 1

C
ho

, 1
99

920
56

10
0–

40
0

90
42

–4
3

73
 ±

 2
0

12
.9

 ±
 1

7.
5

10

K
er

n,
 2

00
221

5
15

0
Ri

ng
er

’s 
so

lu
tio

n
60

43
.5

28
.8

 ±
 6

3.
1a

Pa
nt

ei
x,

 2
00

222
16

60
–1

00
 m

g
Is

ot
on

ic
 s

al
in

e
90

41
–4

3
65

 ±
 1

3
57

.6
7.

3 
±

 4
.3

Ro
ss

i, 
20

02
23

4
31

–4
4b

Is
ot

on
ic

 s
al

in
e 

or
 

PD
 fl

ui
d

90
42

76
 ±

 7
20

.6
 ±

 6
.0

36
 ±

 5

Ro
ye

r, 
20

05
24

11
50

Is
ot

on
ic

 s
al

in
e

12
0

37
43

.8
2.

9 
±

 1
.6

C
ot

te
, 2

01
125

40
0.

8–
1.

5c
PD

 fl
ui

d
90

5.
9

C
as

hi
n,

 2
01

226
10

50
PD

 fl
ui

d
90

41
–4

3
67

 ±
 1

0
18

.4
6.

3 
±

 1
.5

19

M
ed

ia
n 

 
(r

an
ge

)
55

  
(5

0–
40

0)
90

  
(6

0–
12

0)
42

  
(3

7–
43

)
74

.5
  

(6
5–

86
)

43
.8

  
(1

8.
4–

57
.6

)
6.

6 
 

(2
.9

–2
0.

6)
17

  
(1

0–
36

)

A
U

C
 r

at
io

 A
U

C
 i

n 
pe

rf
us

io
n 

di
vi

de
d 

by
 t

he
 A

U
C

 i
n 

th
e 

pl
as

m
a,

 C
m

ax
 r

at
io

 m
ax

im
um

 c
on

ce
nt

ra
tio

n 
of

 p
er

fu
sa

te
 d

iv
id

ed
 b

y 
th

e 
m

ax
im

um
 p

la
sm

a 
co

nc
en

tr
at

io
n.

 a C
al

cu
la

te
d 

fr
om

 d
at

a.
 b m

g/
L.

 c m
g/

kg
.



Chemotherapy selection for HIPEC in gastric cancer

149

9

Ta
b

le
 3

, P
ha

rm
ac

ok
in

et
ic

 a
na

ly
si

s 
of

 in
tr

ao
pe

ra
tiv

e 
in

tr
ap

er
ito

ne
al

 o
xa

lip
la

tin

A
u

th
o

r, 
ye

ar
N

D
o

sa
g

e 
(m

g
/m

2 )
C

ar
ri

er
 s

o
lu

ti
o

n
D

u
ra

ti
o

n
 

(m
in

)
Te

m
p

.  
(°

C
)

A
b

so
rb

ed
 

(%
)

T 1
/2

 p
er

fu
sa

te
 

(m
in

)
A

U
C

 r
at

io
C

m
ax

 r
at

io

El
ia

s,
 2

00
217

20
26

0–
46

0
5%

 d
ex

tr
os

e
30

–4
0

42
–4

4
50

40
25

El
ia

s,
 2

00
227

14
46

0
5%

 d
ex

tr
os

ea
30

42
–4

4
54

–6
0

St
ew

ar
t,

 2
00

828
12

20
0

5%
 d

ex
tr

os
e

12
0

40
–4

2.
5

70
 ±

 2
4

13
.7

 ±
 4

.7
19

M
ah

te
m

e,
 2

00
829

8
42

7
5%

 d
ex

tr
os

e
30

41
.5

–4
3

48
 ±

 7
.6

29
.5

 (2
1–

41
)

12
.8

 ±
 2

.9
28

Fe
rr

on
, 2

00
830

24
36

0–
46

0
5%

 d
ex

tr
os

e
30

42
–4

3
40

–6
8

29
.4

 (1
8–

42
)

Va
le

nz
ue

la
, 2

01
131

30
36

0
4%

 ic
od

ex
tr

in
40

 (3
0–

60
)

42
–4

3
13

2
13

.2
32

Pe
re

z,
 2

01
232

36
36

4.
5

4%
 ic

od
ex

tr
in

30
–6

0
42

–4
3

76
.8

33

Pe
re

z,
 2

01
232

13
39

9.
5

5%
 d

ex
tr

os
e

30
–6

0
42

–4
3

71
.4

31

M
ed

ia
n 

 
(r

an
ge

)
38

2 
 

(2
00

–4
60

)
37

.5
  

(3
0–

12
0)

42
.5

 
(4

0–
44

)
52

  
(4

0–
68

)
70

  
(1

8–
13

2)
13

.2
 

(1
2.

8–
13

.7
)

29
.5

  
(1

9–
33

)

a O
sm

ol
ar

ity
 o

f s
ol

ut
io

n 
va

ry
in

g 
be

tw
ee

n 
10

0 
an

d 
30

0,
 A

U
C

 ra
tio

 A
U

C
 in

 p
er

fu
si

on
 d

iv
id

ed
 b

y 
th

e 
A

U
C

 in
 th

e 
pl

as
m

a,
 C

m
ax

 ra
tio

 m
ax

im
um

 c
on

ce
nt

ra
tio

n 
of

 p
er

fu
sa

te
 d

iv
id

ed
 b

y 
th

e 
m

ax
im

um
 p

la
sm

a 
co

nc
en

tr
at

io
n.



Chapter 9

150

Mortality after CRS + HIPEC seems equal for cisplatin and oxaliplatin, and varies between 

0% and 7.6%. In a matched-pair analysis, no significant differences in toxicity were 

found between the use of oxaliplatin versus mitomycin plus doxorubicin.37 Additionally, 

in a retrospective analysis of 187 patients, hematological toxicity rates did not differ 

between patients undergoing HIPEC with oxaliplatin or mitomycin in colorectal cancer.34

Most drugs for intraperitoneal perfusion are administered in chloride-containing 

solutions. Because of its degradation in sodium-based solutions,38 oxaliplatin is preferably 

dissolved in dextrose 5%, which may cause pronounced electrolyte disturbances, 

including hyperglycaemia.39, 40 As this degradation is limited, and does not affect in vitro 

cytotoxicity, further research is warranted to investigate whether oxaliplatin for HIPEC 

can be dissolved in other solutions with similar clinical efficacy and safety.

In vitro, hypotonic carrier solutions were shown to increase the uptake of platinum-drugs 

and to increase the cytotoxicity of cisplatin.41 In humans, hypotonic solutions did not result 

in clinically relevant improved pharmacokinetics or tissue penetration, although increased 

hemorrhage and thrombocytopenia have been described after hypotonic administration 

of oxaliplatin.27,31,32 An enhanced effect of hyperthermia has been demonstrated for 

both oxaliplatin42,43 and cisplatin44. In a murine model, hyperthermic oxaliplatin resulted 

in higher peritoneal concentrations and lower plasma concentrations compared to 

normothermic oxaliplatin.43 Furthermore, hyperthermia resulted in increased tissue 

penetration of oxaliplatin. In cisplatin the effect of hyperthermia on its pharmacokinetics 

is unsettled. In one study, a four-fold increase in tissue concentration after hyperthermia 

has been demonstrated,45 yet these results could not be confirmed in another study46.

Although multiple studies have incorporated a platinum-based antineoplastic drug in 

HIPEC, the exact role of cisplatin and oxaliplatin in HIPEC for gastric cancer remains to 

be elucidated. Currently, there appears to be a slight favor for the use of oxaliplatin as 

its efficacy appears to be higher and serious electrolyte disturbances can be avoided with 

perfusion times limited to 30 min.

Taxanes

The taxane alkaloids, paclitaxel and docetaxel, are widely used in the treatment of various 

cancers including gastric, ovarian, and breast cancer. The anticancer activity of taxanes 

is based on the stabilization of microtubule formation causing arrest in the G2M phase 

of the cell cycle. The systemic administration of docetaxel based therapy in the palliative 

setting in gastric cancer patients has shown better response rates compared to non-taxane 
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based chemotherapy.47 Paclitaxel and docetaxel are barely soluble in various solvents and 

are therefore dissolved as micellar preparations. Paclitaxel is dissolved in Cremophor EL 

and ethanol, whereas docetaxel is dissolved in Polysorbate-80. Preclinical data suggests 

that docetaxel is more suitable than paclitaxel for intraperitoneal administration since 

the cell permeability of paclitaxel is significantly inhibited by its solvent, resulting in a 

decreased tumor- and cell penetration for paclitaxel compared to docetaxel.48

Several animal and human studies have shown favorable pharmacokinetics of 

intraperitoneally administered taxanes. In animal models, AUC-ratios of docetaxel and 

paclitaxel as high as 153 to 976 have been described.49-52 Drug concentrations of docetaxel 

in tissues in contact with perfusion fluid were higher than control tissues outside the 

abdominal cavity demonstrating adequate tissue penetration. Intraperitoneal injection of 

docetaxel was shown to result in an increased survival in mice with peritoneal metastases 

of gastric cancer.51 Tang et al. investigated the safety and efficacy of CRS + HIPEC with 

docetaxel and carboplatin using a rabbit model with PC of gastric cancer.53 A survival 

benefit was observed in the CRS  +  HIPEC group versus controls but differentiation 

between the effect of carboplatin and docetaxel was not possible.

In Asia, several catheter-based-intraperitoneal studies in humans have shown acceptable 

safety of intraperitoneal taxanes, and confirm the favorable pharmacokinetics of 

intraperitoneally administered taxanes.54-58 In humans, hyperthermic intraperitoneal 

taxanes have mainly been studied in ovarian malignancies; Table 4 gives an overview of 

the studies with intraoperative intraperitoneal taxanes.59-66 These studies show acceptable 

safety of taxanes in CRS + HIPEC.

To our knowledge, De Bree et al. have conducted the only study using hyperthermic 

intraperitoneal docetaxel in humans in patients with gynecological malignancies using 

a dosage of 75 mg/m2 docetaxel at 41–43 °C.66 Death occurred in two elderly patients 

with a high volume intraperitoneal tumor load, probably reflecting poor patient selection 

(mortality rate 10%). Docetaxel-induced hematological toxicity was limited. The peak 

intraperitoneal versus plasma concentration ratio ranged between 17 and 95 (average 

45), while the AUC ratio varied between 105 and 555 (average 207).67
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The ideal dosage of intraperitoneal taxanes is not known. Catheter-based studies have 

shown that administration of docetaxel at 100 mg/m2 every 3 weeks is tolerable.54 The 

same holds true for 60  mg/m2 weekly.55 To date, there are no studies performed to 

determine the maximum tolerated dose of taxanes during intraoperative intraperitoneal 

administration. In CRS + HIPEC, the perfusion fluid containing the chemotherapeutic 

agent is cleared at the end of the procedure and the systemic uptake thereafter will 

largely be reduced, whereas in catheter-based intraperitoneal chemotherapy the agent 

remains active until it is completely cleared from the body. Heat stability of paclitaxel and 

docetaxel has been demonstrated up to 43 °C.68 Several experiments have studied the 

combination of hyperthermia and taxanes in vitro and in vivo with conflicting results. For 

paclitaxel, thermal enhancement has been found in vitro at 43 °C.69,70 However, other 

studies showed no thermal enhancement or even decreased cytotoxicity of paclitaxel.68,71 

For docetaxel similar conflicting results have been reported.68,71,72

Anthracyclines

The antibiotic antineoplastic anthracyclines, epirubicin and doxorubicin, bind to DNA, 

inhibit DNA and RNA synthesis, and inhibit DNA repair through topoisomerase II inhibition. 

In systemic gastric cancer treatment, epirucibin is frequently used in triple-therapy with 

fluorouracil and cisplatin or oxaliplatin, although the benefit of adding anthracyclines is 

uncertain.73 Doxorubicin is the most frequently studied anthracycline in intraperitoneal 

chemotherapy. Pharmacokinetic analyses of intraperitoneal doxorubicin has shown 

favorable pharmacokinetics, with peritoneal to plasma AUC ratios of 73–78, 128 for 

tumor tissue to plasma, and 1.8 tumor tissue to peritoneal fluid.74,75 After 90 minutes of 

perfusion, 88–93% of the applied doxorubicin was cleared from the peritoneal cavity.74,75

Hyperthermia moderately augments the cytotoxicity of doxorubicin in vitro.44 In an animal 

model, pharmacokinetics were not influenced by hyperthermia, but it did increase tissue 

concentrations of doxorubicin in the small bowel, omentum and spleen.76 Intraperitoneal 

doxorubicin (15 mg/m2), typically together with cisplatin, has been used for peritoneal 

sarcomatosis77,78, peritoneal mesothelioma79, and appendiceal malignancies74. In higher 

doses (30 mg/L) doxorubicin causes local toxicity by extensive peritoneal inflammation 

leading to fibrosis and obstruction, while in lower doses (15 mg/m2), sclerosis formation 

is limited and does not compromise gastrointestinal function.80 Cardiotoxicity, which 

is frequently dose-limiting in systemic administration, has not been described after 

intraperitoneal administration of doxorubicin. Although anthracyclines are used in the 
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systemic treatment of gastric cancer, there are no published studies to date on intra-

peritoneal administration for gastric cancer.

5-Fluorouracil

After activation, 5-fluorouracil (5-FU) inhibits thymidylate synthase, thereby depleting 

thymidine triphosphate which is a necessary component of DNA synthesis. Additionally, 

5-FU is incorporated into RNA to replace uracil and inhibit cell growth. 5-FU, intravenously 

or its oral prodrug capecitabine, is an important drug in many (neo)adjuvant and 

palliative chemotherapeutic regimes for gastrointestinal cancers including gastric cancer. 

Although the AUC ratio of intraperitoneal 5-FU is over 400, it does not seem to be 

an appropriate drug for hyperthermic intraperitoneal chemotherapy for several reasons: 

first, in a mixed solution 5-FU is not compatible with various other chemotherapeutic 

drugs.81 Its cycle specificity favors multiple administrations, thus 5-FU has mainly been 

used as an early postoperative intraperitoneal drug. 5-FU is only to a limited extent 

augmented by hyperthermia. Finally, oral administration is relatively safe with limited 

toxicity. In 2006, a consensus meeting of experts in the treatment of peritoneal 

surface malignancy has concluded that 5-FU is not a good candidate for hyperthermic 

intraperitoneal chemotherapy.82

As described earlier, 5-FU is used systemically in combination with oxaliplatin as bidirectional 

chemotherapy in CRS + HIPEC. Van der Speeten et al. described the pharmacokinetics 

of intraoperative intravenous 5-FU. Interestingly, after 20  min the concentration of 

intraperitoneal 5-FU exceeded the plasma concentration and stayed higher throughout 

the rest of the 90 min of intraperitoneal perfusion. This resulted in a peritoneal to plasma 

AUC ratio of 2.3. The authors explain this phenomenon by the fact that 5-FU quickly 

distributes to all the compartments, including the intraperitoneal perfusion fluid, but 

the hepatic metabolism of 5-FU rapidly decreases the plasma concentration of 5-FU, 

while the intraperitoneal concentration stays at a relatively constant level, with limited 

diffusion back into the central compartment.81 The clinical benefit of this bidirectional 

administration of chemotherapy has not yet been established. Future studies should 

elucidate more of the pharmacokinetics, especially the tissue distribution, of systemic 

perioperative 5-FU.
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Irinotecan

Irinotecan (CPT-11) is a pro-drug which has cytotoxic effects when converted by 

carboxylesterase to SN-38. SN-38 binds reversibly to the topoisomerase I-DNA complex 

preventing religation of the cleaved DNA strand. In a meta-analysis systemic admini-

stration of irinotecan in advanced and metastatic gastric cancer was associated with 

a non-significant trend towards better survival.83 In experimental setting, hyperthermia 

enhanced cytotoxicity of irinotecan.72

The activation of irinotecan occurs mainly in the liver, making it theoretically an unfavorable 

drug for intraperitoneal administration. However, the drug has been investigated in 

several animal and human intraperitoneal studies, showing intraperitoneal conversion 

of CPT-11 to SN-38.84-87 Although the conversion rate was lower after intraperitoneal 

administration compared to intravenous administration, the exposure of peritoneum to 

SN-38 was higher. The AUC ratio of SN-38 varied between 3.7 and 14.8 depending on 

the concentration of administered CPT-11.85,86 The efficacy of intraperitoneal irinotecan 

has been demonstrated in several animal studies.88-91 In the largest study in humans no 

statistically significant difference was noted in survival after CRS + HIPEC using oxaliplatin 

with or without irinotecan in 146 colorectal patients with established PC, which may 

reflect the inefficacy of irinotecan as an intraperitoneal drug.92

Etoposide

Etoposide is an anticancer drug, which induces DNA breakage and inhibition of 

topoisomerase II enzyme. Systemically, etoposide has been investigated in various 

combinations including cisplatin, doxorubicin, 5-FU, and leucovorin. Although an early 

report on the usage of etoposide, cisplatin and doxorubicin showed promising results in 

advanced gastric cancer patients,93 subsequent studies could not confirm the favorable 

results of this combination. So far, no other studies could demonstrate a significant 

beneficial effect of etoposide in adjuvant or palliative setting in systemic gastric cancer 

treatment.94-97 Additionally, increased rates of toxicity have been reported in regimes 

using etoposide.94,98

Nearly all studies of intraperitoneal etoposide are catheter-based and performed in 

patients with ovarian carcinoma. Pharmacokinetic analysis showed favorable pharmaco-

kinetics with an AUC-ratio of 47.99 Intraoperative administration of etoposide in 

combination with cisplatin and or mitomycin has been performed in gastric cancer 

patients, with acceptable toxicity.100-105 However, some studies report significant toxicity 
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and morbidity associated with intraperitoneal administration of etoposide.106,107 There is 

limited data on the supplementary value of hyperthermic intraoperative intraperitoneal 

etoposide. In vitro, there is controversy regarding the enhancement of cytotoxicity using 

hyperthermia.108-110

In conclusion, resulting from the low systemic potential of etoposide and frequent 

toxicity, other chemotherapeutics seems more suitable for intraperitoneal intraoperative 

usage in gastric cancer patients.

Catumaxomab

In 2009, catumaxomab was registered for the treatment of malignant ascites of various 

EpCAM-positive malignancies, including ovarian, gastric, breast and colorectal cancer. 

Catumaxomab is a monoclonal, trifunctional antibody, which binds to EpCAM-positive 

cells, and then activates the immune system resulting in killing of the tumor cell. Between 

85 and 100% of gastric cancer cells express EpCAM.111 In a recent study, all 35 tissue 

samples of peritoneal metastasis of gastric cancer overexpressed EpCAM.112 EpCAM is 

also expressed on normal epithelial cells but not in mesothelial tissue. In other tissues, 

EpCAM is only expressed basolaterally and is shielded by tight junctions. In contrast, 

tumor cells express EpCAM, accessible for binding, on the entire cell surface.113 Thus, 

the only cells expressing EpCAM in the peritoneal cavity are tumor cells, making the 

intraperitoneal route promising for the administration of catumaxomab.

In a randomized controlled trial, patients with malignant ascites of gastric cancer were 

treated with paracentesis alone or paracentesis and four 6-hour intraperitoneal infusions 

of catumaxomab at doses of 10, 20, 50 and 150 μg on days 0, 3, 7 and 10, respectively.114 

Intraperitoneal infusions of catumaxomab significantly increased the paracentesis-free 

survival (15 versus 44 days, P  <  0.0001) and increased the overall survival (median, 

44 versus 71 days, P = 0.03). This study demonstrated high efficacy of intraperitoneal 

catumaxomab for malignant ascites. Treatment related serious adverse events occurred 

in 15% of the patients and consisted mainly of abdominal pain and cytokine release–

related symptoms (pyrexia, nausea, and vomiting). No treatment related mortality 

was reported. Additionally, 83% of the patients received all four infusions, reflecting 

acceptable tolerability.

Despite these promising results, it is uncertain whether catumaxomab, with or without 

hyperthermia, is suitable for intraoperative perfusion in gastric cancer patients. In patients 

with advanced gastric cancer (T2b-T4, N+/−, M0), one randomized phase 2 trial has been 
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conducted using intraoperative intraperitoneal catumaxomab (10 μg) followed by four 

escalating dosages of postoperative intraperitoneal catumaxomab.115 Treatment related 

adverse events (CTC-grade ≥ 3) were frequent (79 versus 37%). This study has thus far 

only been presented as an abstract and long-term results have not yet been published. 

The therapeutic value of catumaxomab in the treatment of peritoneal carcinomatosis of 

gastric cancer is as yet undetermined.

D i s c u s s i o n

The ideal drug for intraperitoneal administration should preferably have the following 

characteristics: first and foremost, the selected drug(s) should have proven activity, 

both in vitro and in vivo in the treatment of the specific malignancy under study. The 

drug should have a favorable biodistribution and pharmacokinetic profile and an 

adequate tissue penetration. Furthermore, drugs for intraperitoneal usage should have 

a concentration and exposure related cytotoxicity, otherwise intravenous administration 

may be as effective as intraperitoneal administration. As the rationale for intraperitoneal 

chemotherapy is based on the peritoneal plasma barrier, the ideal drug should maintain 

in the peritoneal cavity, for instance by a large molecular weight, preventing diffusion 

across the peritoneal barrier, allowing high local concentrations of the agent in the 

peritoneal cavity, without a concomitant increase in the plasma concentration, thus 

limiting systemic toxicity.116

The pharmacokinetic effect of the peritoneal barrier is best expressed by the ratio of 

the drug’s intraperitoneal area under the concentration–time curve (AUC) to the drug’s 

plasma AUC. A high intraperitoneal AUC reflects high local exposure and potential 

efficacy of the drug, while a low plasma AUC indicates low systemic exposure and 

less systemic toxicity.117 However, a very high intraperitoneal AUC ratio may reflect 

inadequate uptake of the drug into cells resulting in insufficient tissue penetration. 

Adequate tissue penetration can be regarded as the Achilles’ heel of intraperitoneal 

chemotherapy treatment. The determination of tissue penetration is challenging, but 

it is generally accepted that the penetration is at best limited to a few millimeters or 

even a few cell layers.118 Counter intuitively, the extent of cytoreductive surgery and 

peritonectomy hardly influences the uptake of intraperitoneal chemotherapy into the 

systemic circulation.119 Only large visceral organ resections (e.g., total colectomy and 
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gastrectomy) lead to a small decrease of systemic uptake of intraperitoneal drugs.10

Local and systemic toxicity of the drugs used in HIPEC is inevitable, but should be within 

acceptable limits. Systemic toxicity frequently consists of bone marrow suppression, 

and is often dose limiting. Local toxicity can consist of peritoneal sclerosis, increased 

postoperative bleeding, anastomotic dehiscence, or other tissue healing issues. In 

reporting local toxicity, it remains difficult whether complications are attributable to the 

chemotherapeutic agents, or are primarily related to the surgical procedure.

The drug’s mechanism of action as well as its metabolism are of importance. The 

chemotherapeutic agent should have a direct mechanism of action. For example, a drug 

that is highly dependent on a specific phase of the cell cycle is undesirable. Likewise, 

a pro-drug requiring biotransformation before gaining cytotoxicity is unattractive. The 

metabolism of the drug also influences its pharmacokinetics. Inactivation of a drug after 

it has left the peritoneal cavity, but before it reaches the systemic circulation, increases 

the AUC ratio. For example, drugs with extensive first-pass hepatic inactivation have a 

higher AUC ratio after intraperitoneal perfusion compared to drugs with little inactivation 

by the liver.120

The characteristics of the carrier solution is a factor to be taken into account in the 

selection of the agent to be used, as they may influence the pharmacokinetics of 

the chemotherapy. For instance, isotonic low-molecular weight solutions are rapidly 

absorbed from the peritoneal cavity, resulting in a decrease of the intraperitoneal volume 

during intraperitoneal perfusion.121 Isotonic saline and dextrose-based dialysis fluids are 

the most frequently used in HIPEC. The carrier solution should not increase, or may even 

decrease, the rate of adverse events. 

Heat augmentation is a welcome characteristic of a chemotherapeutic drug used for 

HIPEC. It may be beneficial to its pharmacokinetics, or it may increase cytotoxicity. 

Hyperthermia is usually added resulting from the increased in vitro cytotoxicity of many 

chemotherapeutic drugs. Additionally, hyperthermia is believed to have a direct cytotoxic 

effect. However, the evidence of the clinical benefit of hyperthermia is weak. In one 

randomized controlled trial, hyperthermic intraperitoneal chemotherapy was superior 

compared to normothermic intraperitoneal chemotherapy as a prophylactic therapy in 

advanced gastric cancer patients.122 In an animal model with PC from gastric cancer, the 

combined treatment of hyperthermia and intraperitoneal chemotherapy with mitomycin 

and cisplatin significantly reduced the extent of peritoneal nodules and increased the 

mean survival time compared to chemotherapy or hyperthermia alone.123
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The drug, or combination of drugs, has to be safely applicable during the operation. A 

highly volatile drug, or combination of drugs, is unwanted since it may form a health 

risk to the surgical personnel. Resulting from systemic results in various malignancies, 

including gastric cancer,83 a combination of drugs will probably result in a higher efficacy 

compared to monotherapy. Additionally, in colorectal cancer a combination of drugs in 

HIPEC has been shown to have a superior effect compared to single-agent therapy.88 

When a combination of drugs is used, there needs to be at least an additive, but 

preferably a synergistic, effect based on different mechanisms of action of the applied 

chemotherapy.

Studies to date

Most studies on intraperitoneal chemotherapy in gastric cancer have been performed in 

Asia, where the incidence of gastric cancer far exceeds that in Western countries. The 

tumor biology of gastric cancer significantly differs between Asia and Western countries 

which makes the comparison of treatment results difficult.124-126 Previous studies have 

shown a favorable effect of HIPEC in gastric cancer patients both in the prophylactic and 

therapeutic setting, but comparison between studies is hampered by the wide range 

of HIPEC techniques, chemotherapeutic agents, doses, temperatures, and duration 

of perfusion used in these studies. The longest survival, as in other peritoneal surface 

malignancies treated with HIPEC, is shown in patients after complete cytoreduction.

The largest Western patient series has been a retrospective cohort of 159 patients with 

peritoneal carcinomatosis (PC) from gastric cancer treated with HIPEC using various 

chemotherapeutic drugs, with open (coliseum) and closed techniques, intraoperative 

or early postoperative intraperitoneal chemotherapy over a period of 18 years, and 

thus recommendations for daily clinical practice could not be made 127. In a recent 

meta-analysis of prophylactic HIPEC,7 all studies originated from China and Japan. In 

various concentrations mitomycin, cisplatin, and 5-FU, or combinations of these, were 

administered for 50–120 min with temperatures varying between 41 °C and 50 °C. An 

overall survival improvement was established in the HIPEC group (relative risk (RR): 0.73, 

95% confidence interval (CI) 0.64–0.83, P < 0.00001).

In patients with manifest peritoneal carcinomatosis one randomized controlled trial has 

been published, Yang et al. randomized 68 patients with gastric cancer either to CRS or to 

CRS + HIPEC. The perfusion time was 60–90 min using cisplatin 120 mg and mitomycin 

30 mg each in 6 L of normal saline at 43 ± 0.5 °C. A significant median survival benefit 
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was shown in the CRS + HIPEC group compared to CRS alone (11.0 versus 6.5 months, 

P = 0.046). A meta-analysis of the studies on HIPEC in established PC showed a median 

survival varying between 6.1 months and 11.5 months after HIPEC, with a median survival 

of up to 43.4 months in patients with complete cytoreduction.128 Again, a wide range 

of HIPEC techniques, perfusion times, and temperatures was used with mitomycin C, 

cisplatin, paclitaxel, etoposide, oxaliplatin, irinotecan, fluorouracil, or a combination of 

these. Table 1 gives an overview of studies of intraoperative intraperitoneal hyperthermic 

chemotherapy for gastric cancer, which included at least ten patients.8,13,101-105,122,127,129-146

Ongoing studies

Currently, several studies are investigating the role of HIPEC in gastric cancer patients 

using several chemotherapeutic regimes. The GASTRICHIP study (NCT01882933) is a 

multicenter randomized phase III trial comparing curative gastrectomy with or without 

HIPEC with oxaliplatin in patients with advanced gastric adenocarcinoma (T3, T4 

and/or N+ and/or with positive peritoneal cytology). Another study initiated in China 

investigates the survival and toxicity of HIPEC with oxaliplatin and paclitaxel in patients 

with synchronous peritoneal metastases (NCT01471132). In Germany, a randomized 

controlled trial was initiated in August 2012, (NCT01683864) investigating the effect 

of prophylactic HIPEC with mitomycin and cisplatin in patients with gastric carcinoma 

(T2–T4, N− or N+, or positive cytology) without proven metastases.

Future directions

Presently, systemic treatment, whether (neo)adjuvant in the curative setting or palliative, 

mostly contains a combination of drugs, which has been shown to have an increased 

efficacy compared to monotherapy. When considering HIPEC in patients with gastric 

cancer, it nowadays seems only rational to combine intraperitoneal chemotherapy with 

systemic treatment. Given the efficacy of present regimens, it appears logical to employ 

an identical combination of chemotherapy for both intraperitoneal perfusion, and 

systemic treatment.

Before the onset of randomized trials with HIPEC in gastric cancer phase I-II studies are 

warranted to establish toxicity profiles and optimal dosing schedules for combinations 

of chemotherapy. These studies, are presently lacking, and current treatment regimens 

are mainly based on experimental or empirical data. A regimen consisting of a platinum-

based agent and a taxane appears the most promising combination of drugs, as it 
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has a good systemic effect and the known pharmacokinetic data of intraperitoneal 

administration are favorable.

Hyperthermic intraperitoneal chemotherapy is a promising treatment option in gastric 

cancer patients, as many patients develop locoregional and/or peritoneal tumor recurrence. 

Which chemotherapeutic regime is best has not yet been determined. Ideally, different 

chemotherapeutic regimes should be compared in a randomized study. However, patient 

inclusion will be challenging in such trials. The variety in study parameters, including 

selection of chemotherapeutic agents, dosage, patient characteristics, temperature, 

duration of perfusion, carrier solution, intraperitoneal pressure, open or closed technique, 

warrants more experimental and clinical studies to determine the influence of each 

individual variable on toxicity profile and treatment outcome.
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A b s t r a c t 

Background 

The main objectives of this study are (I) to investigate the safety, tolerability and feasibility 

of gastrectomy combined with cytoreductive surgery and hyperthermic intraperitoneal 

chemotherapy (HIPEC) after neoadjuvant systemic chemotherapy, as a primary treatment 

option for advanced gastric cancer with tumor positive peritoneal cytology (C+) and/or 

limited peritoneal (P+) carcinomatosis and (II) to determine the maximum tolerated dose 

of intraperitoneal docetaxel in combination with a fixed dose regimen oxaliplatin in this 

treatment schedule.

Methods

The study is a multicenter, open label, dose-escalation combined phase I-II study, enrolling 

20-30 patients meeting the inclusion criteria, using a 3+3 escalation design. All patients 

with locally advanced gastric adenocarcinoma and positive peritoneal cytology or limited 

peritoneal carcinomatosis, assessed with diagnostic laparoscopy, following neoadjuvant 

chemotherapy are eligible for inclusion. At laparotomy cytoreductive surgery (CRS) and 

a total or partial gastrectomy with a D2 lymph node dissection is performed. An open 

HIPEC technique is used with oxaliplatin for 30 minutes and a dose-escalation will be 

performed with 0-50-75-100-125-150 mg/m2 of docetaxel for 90 minutes. The primary 

endpoint in this study is treatment related toxicity graded according to the NCI Common 

Toxicity Criteria version 4.0. 

Discussion 

The PERISCOPE study will determine the safety, tolerability and feasibility of gastrectomy 

combined with CRS + HIPEC using oxaliplatin in combination with docetaxel after 

neo adjuvant systemic chemotherapy as a primary treatment option for patients with 

advanced gastric cancer with tumor positive peritoneal cytology and/or limited peritoneal 

carcinomatosis. The study will provide pharmacokinetic data on the intraperitoneal 

administration of both oxaliplatin and docetaxel. The data acquired in the study are a 

prerequisite for the safe conduct of future studies of HIPEC in gastric cancer patients 

either in the prophylactic or therapeutic setting. 
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B a c k g ro u n d

Patients with advanced gastric cancer have a poor prognosis, resulting in a 5-year survival 

rate of 20-30 percent, even after potentially curative surgery. Approximately 15% of 

patients have manifest synchronous peritoneal involvement at diagnosis.1 Patients with 

gastric cancer and peritoneal carcinomatosis, either synchronous or metachronous as 

manifestation of recurrent disease, have a poor prognosis with a median survival of about 

3 months without treatment.2 It has been proposed that extended resection, consisting 

of gastrectomy and peritonectomy, combined with the administration of intraperitoneal 

chemotherapy might improve survival in patients with peritoneal carcinomatosis from 

gastric cancer.3 The rationale of administering chemotherapeutic agents into the 

peritoneal cavity is based on the peritoneal plasma barrier. The limited permeability of the 

peritoneum allows the delivery of high concentration of chemotherapeutic drugs directly 

into the peritoneal cavity without the danger of corresponding high concentrations in 

plasma with the subsequent systemic reactions.4 

Intraoperative hyperthermic intraperitoneal chemotherapy (HIPEC) has an established 

role in the treatment of peritoneal carcinomatosis from colorectal cancer, appendiceal 

cancer and pseudomyxoma peritonei.5,6 The role of HIPEC in the treatment of gastric 

cancer with peritoneal carcinomatosis is uncertain. A recent systematic review showed 

in the better designed studies an improved survival in patients receiving intraperitoneal 

chemotherapy and cytoreductive surgery compared to patients having surgery alone. 

Overall, good quality evidence is limited as many studies include heterogeneous patient 

populations and differ in type, timing, method and duration of drug delivery.7 Currently, 

various intraperitoneal chemotherapeutic drugs are used in gastric cancer but the best 

and the most suitable regime is unknown. An important issue which needs therefore to 

be addressed is the choice of neoadjuvant and intraperitoneal chemotherapy and the 

most effective dosing scheme.

In the current manuscript, we describe a study protocol aimed to evaluate the safety, 

tolerability and feasibility of gastrectomy combined with cytoreductive surgery and 

hyperthermic intraperitoneal chemotherapy with oxaliplatin and docetaxel, following 

neoadjuvant systemic chemotherapy, as primary treatment for advanced gastric cancer 

with tumor positive peritoneal cytology (C+) or limited peritoneal carcinomatosis (P+).
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M e t h o d s / D e s i g n

Hypothesis

The design of the current study is based on the beneficial effects of HIPEC in various 

gastrointestinal malignancies. Gastric cancer, with its frequent peritoneal and locoregional 

recurrence, theoretically seems a suitable disease for HIPEC treatment. We hypothesized 

that CRS + HIPEC, after neoadjuvant chemotherapy, will be a safe and beneficial 

treatment in selected gastric cancer patients, with minimal peritoneal dissemination or 

positive tumor cytology. 

Objectives

The main objectives of this study are (I) to investigate the safety, tolerability and feasibility 

of gastrectomy combined with cytoreductive surgery and hyperthermic intraperitoneal 

chemotherapy (HIPEC) after neoadjuvant systemic chemotherapy, as a primary treatment 

option for advanced gastric cancer with tumor positive peritoneal cytology (C+) and/

or limited peritoneal (P+) carcinomatosis and (II) to determine the maximum tolerated 

dose of intraperitoneal docetaxel in combination with a fixed dose regimen oxaliplatin 

in this treatment schedule. We furthermore aim to investigate (a) the pharmacokinetics 

of intraoperative hyperthermic intraperitoneal oxaliplatin and docetaxel and (b) to 

determine the two-year disease-free and overall survival of advanced gastric cancer 

patients with tumor positive peritoneal cytology and/or limited peritoneal carcinomatosis 

treated with this treatment schedule.

Design

The study is a multicenter, open label, dose-escalation combined phase I-II study, enrolling 

20-30 patients meeting the inclusion criteria, using a 3+3 escalation design. At first, up 

to three patients will be treated with at the lowest docetaxel dose level. If none of the 

patients treated in a single dose cohort experiences a dose-limiting toxicity, the next 

three patients can be treated at a higher dose level. If one of three patients in the same 

dosage cohort experiences a dose-limiting toxicity, a total of six patients will be treated 

at the same dose level. When dose-limiting toxicities occur in two or more patients in a 

cohort of at least three patients, no further dose escalation steps will be undertaken. The 

maximum tolerated dose is defined as the dose below the dose-level that causes dose-

limiting toxicity in two or more patients in a cohort of at least three patients.
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Study procedures

All patients with locally advanced (T3-T4, any N) gastric adenocarcinoma and positive 

peritoneal cytology (C+)or limited peritoneal carcinomatosis (P+), assessed with diagnostic 

laparoscopy, following neo-adjuvant chemotherapy and no evidence of distant metastasis, 

are eligible for inclusion. Following informed consent, patients meeting inclusion criteria 

will be scheduled for surgery combined with HIPEC. At laparotomy, the presence 

and extent of peritoneal tumor deposits will be recorded. When a potentially radical 

resection of the primary tumor can be achieved, a total or partial gastrectomy with a D2 

lymph node dissection is performed. In patients with limited peritoneal carcinomatosis, 

cytoreductive surgery (CRS), as described earlier8, is done with the objective to leave no 

macroscopic tumor behind. Intraperitoneal chemoperfusion is performed using an open 

HIPEC technique. At an intraperitoneal temperature of 41-42 °C, 460 mg/m2 oxaliplatin 

is added to the perfusate. After 30 minutes, the perfusion fluid is drained from the 

abdomen. In successive patients a dose-escalation study will be performed perfusing 

the peritoneal cavity with 0-50-75-100-125-150 mg/m2 docetaxel for 90 minutes at 37 

°C. The flow chart of this study is depicted in Figure 1. For pharmacokinetic analysis, 

plasma and perfusion samples will be obtained at the start, after 15 minutes and at end 

of oxaliplatin perfusion and at the start of docetaxel perfusion, after 45 minutes and at 

the end of docetaxel perfusion. Approximately 2 and 12 hours after completion of the 

perfusion plasma samples will be collected.

Endpoints

The primary endpoint in this study is treatment related toxicity graded according to the 

NCI Common Toxicity Criteria version 4.0. The endpoint will determine the maximum 

tolerated dose of intraperitoneal docetaxel in combination with a fixed dose of 

oxaliplatin. Secondary endpoints in this study are postoperative morbidity and mortality, 

pharmacokinetic parameters, cytoreductive completeness score, patterns of tumor 

recurrence and disease-free and overall survival.
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Figure 1, study flow chart

 

Study population 

Patients meeting the following inclusion criteria will be enrolled into the study: patients 

with a biopsy proven adenocarcinoma of the stomach, T3-T4 tumor based upon CT-

scan and/or EUS results, with tumor positive peritoneal cytology and/or peritoneal 

carcinomatosis limited to the upper abdominal cavity, i.e., above the transverse colon, 

and/or at the most at one location in the lower abdominal cavity confirmed by diagnostic 

laparoscopy. Patients have to be treated with neoadjuvant chemotherapy, with the last 

course ending within 8 weeks prior to exclusion. Accepted neoadjuvant chemotherapy 

regimens generally consist of a platinum-drug combined with a fluoropyrimidine. 

Additionally, an anthracycline or taxane may have been added according to local protocol. 

Examples of accepted chemotherapy regimens are: docetaxel + oxaliplatin + capecitabine 

(DOC), docetaxel + cisplatin + 5-FU (DCF), epirucibin + cisplatin + capecitabine (ECC), 

epirucibin + oxaliplatin + capecitabine (EOC). Patients have to be older than 18 years, with 

acceptable performance status and adequate bone marrow, hepatic and renal function. 

Patients with a life expectancy shorter than 3 months, patients with known distant 

metastases, small bowel dissemination, or signs of local irresectability will be excluded. 

Patients with recurrent gastric cancer, prior treatment of gastric cancer with systemic 

anticancer therapy or metachronous peritoneal carcinomatosis will not be eligible for the 

current trial. Furthermore, progressive disease on neoadjuvant chemotherapy precludes 
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inclusion. Patients who are pregnant, breast feeding or have an active pregnancy 

ambition will be excluded. Lastly, patients with known hypersensitivity for any of the 

applied chemotherapeutic agents and/or their solvents, uncontrolled infectious disease, 

known history of Human Immunodeficiency Virus HIV-1 or HIV-2 type, hepatitis B or 

C with active viral replication, recent myocardial infarction (< 6 months) or unstable 

angina, uncontrolled diabetes mellitus or any medical condition not yet specified above 

that is considered to possibly, probably or definitely interfere with study procedures will 

be excluded from this study. Table 1 provides an overview of all inclusion and exclusion 

criteria. In total approximately 20-30 patients will be included in the current study; 

however this number is highly dependent on the number of dose-escalations.

Table 1, In- and exclusion criteria

Inclusion criteria

- Biopsy proven adenocarcinoma of the stomach (including tumors at the esophagogastric 
junction provided that the bulk of the tumor is located in the stomach for which the inten ded 
surgical treatment is a gastric resection, and not a resection of the esophagus and cardia)

- T3-T4 tumor based upon CT-scan and/or EUS results

- Treated with neoadjuvant systemic chemotherapy with the last course ending within 8 weeks 
prior to inclusion

- Tumor positive peritoneal cytology and/or peritoneal carcinomatosis limited to the upper 
abdominal cavity (above the transverse colon) and/or at the most at one location in the 
lower abdominal cavity (e.g., Douglas’ pouch, ovarian metastasis, Sister Mary Joseph nodule) 
confirmed by diagnostic laparoscopy or laparotomy

- Age ≥ 18 years

- WHO performance status 0-1

- ASA classification I-III

- Adequate bone marrow, hepatic and renal function, i.e., minimal acceptable laboratory 
values at start of the study inclusion:

 a. ANC ≥ 1.5 x 109 /L

 b. Platelet count ≥ 100 x 109 /L

 c. Serum bilirubin ≤ 1.5 x ULN, and ALAT and ASAT ≤ 2.5 x ULN

 d. Creatinine clearance ≥ 50 ml/min (measured or calculated by Cockcroft-Gault formula).

- Negative pregnancy test (urine/serum) for female patients of childbearing potential

- Life expectancy ≥ 3 months, allowing adequate follow-up

- Able and willing to undergo blood sampling for pharmacokinetics

- Written informed consent
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Exclusion criteria

- Distant metastases (e.g., liver, lung, para-aortic lymph nodes) or small bowel dissemination

- Signs of local irresectability

- Recurrent gastric cancer

- Metachronous peritoneal carcinomatosis

- Prior resection of the primary gastric tumor

- Pregnancy, breast feeding or active pregnancy ambition

- Unreliable contraceptive methods. Patients enrolled in this study must agree to use a reliable 
contraceptive method throughout the study

- Uncontrolled infectious disease or known Human Immunodeficiency Virus HIV-1 or HIV-2 type

- A known history of hepatitis B or C with active viral replication

- Recent myocardial infarction (< 6 months) or unstable angina

- Uncontrolled diabetes mellitus

- Any medical condition not yet specified above that is considered to possibly, probably or 
definitely interfere with study procedures, including adequate follow-up and compliance and/
or would jeopardize safe treatment

- Known hypersensitivity for any of the applied chemotherapeutic agents and/or their solvents

Ethics and safety

After extensive explanation of the study objectives and procedures, written informed 

consent will be obtained in all patients. The study protocol has been approved by the 

medical ethical committee of the Netherlands Cancer Institute / Antoni van Leeuwenhoek 

Hospital. The study will be performed in accordance with the declaration of Helsinki. 

The protocol of this study is registered at the Netherlands Trial Registration with code 

NTR4250. A waiting period of 4 weeks will be observed between the HIPEC procedures 

in subsequent patients to allow an adequate assessment of toxicity and adverse events in 

individual patients before the next patient will be treated with a higher dose of docetaxel. 

At completion of a cohort of three patients in one dose-level, the study team will discuss the 

toxicity and morbidity in the patients of the cohort and will decide in consensus whether 

dose-escalation can be performed or whether the endpoint of the study has been reached. 

D i s c u s s i o n

Rationale of the study

The current study aims to determine the safety, tolerability and feasibility of gastrectomy 

combined with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 
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(HIPEC) using oxaliplatin in combination with docetaxel after neoadjuvant systemic 

chemotherapy, as a primary treatment option for patients with advanced gastric cancer 

with tumor positive peritoneal cytology and/or limited peritoneal carcinomatosis. The 

current systematic reviews and randomized trials of intraperitoneal chemotherapy in 

gastric cancer patients, all suggest that intraperitoneal chemotherapy may be beneficial 

in selected patients.7,9-11 However, many of these studies in gastric cancer are of limited 

quality as they are frequently based on heterogeneous patient populations including either 

patients at risk being treated prophylactic or patients with manifest peritonitis treated 

with therapeutic intent. Most studies use different (neo) adjuvant and intraperitoneal 

chemotherapy regimens, and many of these studies have been performed in Asiatic 

countries which raises the question whether the results can be extrapolated to other 

ethnic populations.

Well-designed prospective randomized trials are warranted with clearly defined inclusion 

criteria, with distinct neoadjuvant and adjuvant treatment protocols and with a uniform 

surgical and HIPEC treatment. Prior to such trials pharmacokinetic studies are mandatory 

to identify the most optimal chemotherapeutic regimen to be compared to the best 

available standard treatment. An important issue in intraperitoneal chemotherapy in 

gastric cancer therefore is the choice and dosing of the chemotherapeutic agent. The 

present PERISCOPE study was designed as the first dose escalation trial of intraperitoneal 

docetaxel in gastric cancer. 

Choice of intraperitoneal drugs

Several regimens of intraoperative hyperthermic chemoperfusion in gastric cancer have 

been explored or are still under investigation.7 Mitomycin and cisplatin are the most 

frequently used chemotherapeutic agents, originating from the widespread usage of 

these drugs in ovarian and colorectal HIPEC. We performed an extensive literature 

review on the selection of intraperitoneal chemotherapy for the use in patients with 

gastric cancer.12 Theoretically, a combination of drugs will results in a more effective 

treatment. Based on a pioneer study of Elias et al. oxaliplatin is increasingly used as a 

drug for intraperitoneal chemotherapy with promising results.13 Oxaliplatin was preferred 

over cisplatin, as oxaliplatin is not nephrotoxic and appears to have a more favorable 

pharmacokinetic profile. Following the study of Elias et al., the current dosage of 

intraperitoneal oxaliplatin is known and widely applied, which provides a valuable starting 

point for further exploration of combinations of intraperitoneal chemotherapeutic drugs. 
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The taxanes, docetaxel and paclitaxel, both seem promising drugs for intraperitoneal 

chemotherapy, as there systemic uptake is limited, permitting the use of high local 

concentrations. As the tumor- and cell penetration appears to significantly higher in 

docetaxel compared to paclitaxel following intraperitoneal administration, we selected 

docetaxel as taxane.14 Additionally, severe anaphylactoid hypersensitivity reactions have 

been described of paclitaxel’s solvent Cremophor EL.15 A combination of oxaliplatin and 

docetaxel may result in a promising chemotherapeutic regimen. However, no dose-finding 

study has been performed on intraperitoneal intraoperative docetaxel administration. 

Furthermore, the intraperitoneal administration of the combination of oxaliplatin and 

docetaxel has not yet been investigated.

Patient selection

For this study we have chosen a subgroup of gastric cancer patients, those with limited 

peritoneal carcinomatosis or with positive peritoneal cytology, in which based on the current 

literature CRS + HIPEC might improve the overall and disease free survival. It was therefore 

considered ethically justified to perform a study in this selected patient group. Patients with 

extensive disease or unresectable distant metastases were excluded, as the prognosis of 

these patients is extremely poor, and these patients qualify for palliative treatment or best 

supportive care only and are not eligible for an extensive treatment of which the associated 

complications do not outweigh the potential benefits. In patients with limited peritoneal 

dissemination though a complete (R0) cytoreduction can be achieved which is mandatory 

as complete cytoreduction is one of the key factors associated with improved survival 

following HIPEC treatment.16,17 Patients with tumor positive cytology of the peritoneal fluid 

without macroscopic peritoneal carcinomatosis have a median survival of 15 months and 

a five-year survival rate of 0%.18 As many as 15% of patients without visible metastatic 

disease will have tumor positive peritoneal cytology, and this proportion will increase to 

30-50% in patients with serosa-infiltrating tumors or lymph node metastases.19-21 In these 

high risk patients HIPEC is expected to decrease the risk of peritoneal dissemination and for 

this reason this group of patients was included in the study. 

Staging laparoscopy is a mandatory investigation in the study and in the diagnostic work-

up of patients with gastric cancer. It allows the evaluation of the presence or absence 

of peritoneal metastases and allows the sampling of peritoneal cytology fluid and may 

prevent futile surgical exploration in up to 30% of patients.22 
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Neoadjuvant chemotherapy

Adjuvant therapies, such as perioperative chemotherapy and postoperative 

chemoradiotherapy, have demonstrated an improved progression-free and overall 

survival in patients with resectable adenocarcinoma of the stomach.23,24 Commonly 

applied regimes include epirubicin + cisplatin + continuous 5-fluorouracil (5-FU) (ECF), 

epirubicin + cisplatin + capecitabine (ECC), and docetaxel + cisplatin + 5-FU (DCF). 

Similarly, these regimens are used in the palliative setting for metastatic gastric cancer. All 

three regimens have fairly good response rates of 35 – 50%, but the median survival will 

only be prolonged with a few months and does not surpass 12 months.25 Neoadjuvant 

chemotherapy at present is considered standard treatment in surgery with curative intent 

for gastric cancer. In the current study it was decided that patients prior to inclusion 

have to be treated with at least one course of neoadjuvant systemic chemotherapy. All 

presently used neoadjuvant chemotherapy regimens i.e. those consisting of a platinum-

drug combined with a fluoropyrimidine, or those with an additional anthracycline or 

taxane according to the local protocol were included. Patients showing progression 

under neoadjuvant chemotherapy were excluded for the study. 

C o n c l u s i o n

The PERISCOPE study will determine the safety, tolerability and feasibility of gastrectomy 

combined with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

(HIPEC) using oxaliplatin in combination with docetaxel after neoadjuvant systemic 

chemotherapy as a primary treatment option for patients with advanced gastric cancer 

with tumor positive peritoneal cytology and/or limited peritoneal carcinomatosis. The 

study will provide pharmacokinetic data on the intraperitoneal administration of both 

oxaliplatin and docetaxel. The data acquired in the study are a prerequisite for the safe 

conduct of future studies of HIPEC in gastric cancer patients either in the prophylactic 

or therapeutic setting. The ultimate goal of this study is to establish a new treatment 

standard for advanced gastric cancer patients by providing significant survival benefit 

with acceptable treatment related morbidity.
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A b s t r a c t

Background

CytoReductive Surgery (CRS) combined with Hyperthermic IntraPEritoneal Chemotherapy 

(HIPEC) has an established role in the treatment of peritoneally metastasized colorectal 

cancer. The aim of the study was to describe the recurrence patterns and to evaluate 

treatment options and related survival.

Methods 

Patients treated with CRS + HIPEC in two tertiary referral centers between April 2005 and 

March 2013 were analyzed retrospectively. The prognostic value of several parameters 

was calculated using Cox Regression.

Results 

One hundred thirty two of 287 patients (46%) with peritoneal carcinomatosis treated 

with complete CRS + HIPEC were diagnosed with recurrent disease, after a median 

disease-free interval of 11.4 months. Recurrence were locoregional (43%), distant 

metastases (26%) or both (31%). Thirty-two of the 132 patients with recurrences (24%) 

were treated surgically with curative intent, which extended the median survival from 

12 months to 43 months, compared to palliative treatment (best supportive care or 

chemotherapy, P < 0.001). Initial nodal status (P = 0.01) and the number of affected 

regions at initial CRS (P = 0.02) were significantly correlated to survival after disease 

recurrence.

Conclusions 

Disease recurrence after CRS + HIPEC is common; in selected patients, an aggressive 

surgical approach may be beneficial and extend survival. 
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B a c k g ro u n d

Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy 

(HIPEC) for peritoneal carcinomatosis has an established role in the multidisciplinary 

treatment of metastasized colorectal cancer (CRC).1, 2 Together with advancements 

in modern systemic chemotherapy, liver resection, pulmonary metastasectomy, and/

or radiofrequency ablation it has led to a markedly improvement in the prognosis of 

patients with metastasized CRC.3 Currently, adequate patient selection for appropriate 

treatment modalities is the ultimate challenge in the treatment of metastasized CRC, 

leading to an on-going pursue of a balance between morbidity and toxicity in one hand 

and survival improvement with acceptable quality of life in the other.4

In patients with peritoneal carcinomatosis (PC) of CRC, CRS combined with HIPEC results 

into 5-year survival rates up to 40%.5 Although these results are favorable, many patients 

suffer from disease recurrence following this treatment. In selected patients, sequential 

CRS + HIPEC seems feasible and safe, although the actual survival benefit is currently 

unknown.6-11 Few data exist about the anatomical location, treatment, and outcome of 

patients who experience recurrence after complete CRS + HIPEC.

The aim of this study was to describe the recurrence patterns of PC-CRC patients treated 

with complete CRS + HIPEC in two tertiary referral centers in The Netherlands and to 

evaluate the treatment options and related outcome.

M e t h o d s

Patients

The data of all patients treated with CRS + HIPEC for PC of colorectal origin in the St. 

Antonius Hospital, Nieuwegein, the Netherlands, and the Catharina Hospital, Eindhoven, 

the Netherlands, were incorporated in a database with relevant clinicopathological 

parameters. CRS + HIPEC technique was performed as described earlier.12 Only patients 

without evidence of distant metastases were treated with CRS + HIPEC. Patients all 

underwent follow-up according to the nationwide guidelines for CRC treatment 

including abdominal ultrasound and CEA measurement at 3-month interval for the first 

2 years and semi-annually afterwards till at least 5 years postoperative. During the first 3 

years all patients undergo yearly an abdominal and chest CT-scan to exclude recurrence, 
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and a colonoscopy after 2–3 years to exclude metachronous CRC. Advanced diagnostic 

tools, such as PET/CT-scan were used generously in case of clinical suspicion of disease 

recurrence. Patients with CRC who underwent a R0/1 cytoreduction (no macroscopic 

residual disease) were selected for the current analysis. Patients with appendiceal cancer 

or pseudomyxoma peritonei were excluded. Recurrence was diagnosed either by non-

invasive radiological assessment with or without biopsy or by second-look laparotomy/

laparoscopy. Patients with metastasectomy before CRS + HIPEC, were included in the 

current analysis. Intraperitoneal, intra-abdominal, or abdominal wall recurrence was 

classified as locoregional recurrence. Patients with liver, pulmonary, distant lymph nodes 

or other locations of metastases were classified as distant recurrence. In case of recurrence 

the appropriate treatment strategy was decided upon by the local multidisciplinary tumor 

board. The decision to perform a resection was based on the extent of disease, physical 

status, and patient motivation. Patients who did not undergo additional surgery with 

curative intent were treated with either best supportive care or palliative chemotherapy.

Statistical analysis

Categorical variables are presented as exact values with corresponding proportions. 

Comparison in categorical data was performed using the Chi-squared test. In continuous 

data, student’s t-test and Mann–Whitney U-test were used according to distribution. 

Survival after disease recurrence was described using Kaplan–Meier (KM) analysis with 

comparison using Log rank test. In addition to the unadjusted KM analysis, hazard ratios 

(HR) and 95% confidence interval (CI) of several clinicopathological variables for overall 

survival were calculated using uni- and multivariate analysis with a Cox proportional 

hazards model. Complications were graded according the Clavien–Dindo classification.13 

Parameters with a P value <0.1 in univariable analysis were selected for multivariable 

analysis. Median follow-up was determined using the reverse Kaplan–Meier technique.14 

A P value of less than 0.05 was regarded as statistically significant, and all P values were 

derived from two-tailed tests. Statistical analysis was performed using SPSS (version 21, 

Chicago, IL).
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R e s u l t s

Patient characteristics

Between March 2005 and March 2013, 287 patients with peritoneal carcinomatosis 

were treated with complete (R0/1) CRS + HIPEC. At a median follow-up of 26.6 months, 

132 patients (46%) suffered from disease recurrence. An overview of the baseline 

characteristics of these patients is depicted in Table 1. The median interval between HIPEC 

and recurrence was 11.4 months (IQR 6.7–16.8). Of the 132 diagnosed recurrences, 116 

(88%) were diagnosed within the first 2 years of follow-up. Figure 1 shows the number 

of recurrences diagnosed per 6 months interval following CRS + HIPEC. Nine patients 

(6.8%) underwent metastasectomy prior to the occurrence of peritoneal carcinomatosis. 

Hepatic metastasectomy was performed in 6 patients (4.5%), lung resection in 1 patient 

(0.8%) and intra-abdominal resection in 2 patients (1.5%).

Table 1, Patient and tumor characteristics

Variables All patients 
N = 132

Resection 
N = 32

Palliative 
treatment
 N = 100

P value

Gender (%)        
 Male 68 (52) 18 (56) 50 (50)  
 Female 64 (48) 14 (44) 50 (50) 0.54
Median age at HIPEC (years) (IQR) 61 (55–66) 60 (55–66) 61 (55–65) 0.50
Tumor location (%)        
 Colon 70 (53) 16 (50) 46 (46)  
 Rectosigmoid 62 (47) 16 (50) 54 (54) 0.69
Lymph node status of primary tumor (%)        
 N0 29 (23) 8 (26) 21 (23)  
 N1 44 (36) 13 (42) 31 (33)  
 N2 51 (41) 10 (32) 41 (44) 0.50
 NX 8 1 8  
Histology (%)        
 Adenocarcinoma 84 (66) 19 (59) 65 (68)  
 Mucinous adenocarcinoma 38 (30) 13 (40) 25 (26)  
 Signet ring cell 6 (5) 0 6 (6) 0.14
 Unknown 4 0 4  
Tumor differentiation (%)        
 Well differentiated 7 (7) 1 (4) 6 (9)  
 Moderately differentiated 62 (66) 17 (74) 45 (63)  
 Poorly differentiated 25 (27) 5 (22) 20 (28) 0.62
 Unknown 38 9 29  
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Variables All patients 
N = 132

Resection 
N = 32

Palliative 
treatment
 N = 100

P value

Diagnosis of initial peritoneal 
carcinomatosis (%)

       

 Synchronous 74 (56) 14 (44) 60 (60)  
 Metachronous 58 (44) 18 (56) 40 (40) 0.11
  Number of affected regions  

at initial HIPEC (IQR)
3 (2–4.25) 3 (2–4) 4 (3–5) 0.009

Systemic chemotherapy after initial 
HIPEC (%)

       

 Yes 107 (81) 24 (75) 83 (83)  
 No 25 (19) 8 (25) 17 (17) 0.32
Metastasectomy performed before CRS 
+ HIPEC

9 (7) 2 (6) 7 (7) 0.88

Interval between HIPEC and recurrence 
(months) (IQR)

11.4  
(6.7–16.8)

20.0  
(7.5–25.8)

10.6  
(6.5–14.4)

0.003

Location of recurrence (%)        
 Locoregional metastases 57 (43) 17 (53) 40 (40)  
 Distant metastases 34 (26) 14 (44) 20 (20)  
  Combined distant + locoregional 

metastases
41 (31) 1 (3) 40 (40) <0.001

 

Figure 1, number of recurrences diagnosed per 6 months period following CRS + HIPEC



Patterns of recurrence following CRS + HIPEC

193

11

In total, 97 patients (73%) suffered from locoregional recurrence. Of these, 57 patients 

(43%) were exclusively located locoregionally (Figure 2). Isolated distant metastases 

developed in 35 patients (27%), of these, 17 patients developed liver metastases, 

14 patients developed lung metastases and 8 patients developed distant metastases 

located elsewhere (i.e., bone, brain, extra-abdominal lymph nodes). Forty patients (30%) 

developed locoregional recurrence combined with distant metastases, (liver N = 20, lung 

N = 21, and other distant metastasis N = 14 patients).

Figure 2, Study flow chart

 

Treatment

In 32 of 132 patients (24%) the recurrence was treated surgically with curative intent. 

Pulmonary metastasectomy was performed in 8 out of 14 patients (57%) with isolated 

pulmonary recurrence, partial liver resection in 6 out of 17 patients (35%) with isolated 

liver recurrence, repeat CRS in 17 out of 57 patients (30%) with isolated locoregional 

recurrence of which seven combined with HIPEC. In 1 patient (2%) with distant and 

locoregional recurrence, a pulmonary metastasectomy and a repeat CRS + HIPEC 

procedure was performed. In 10 patients the locoregional recurrence was located low in 

the small pelvic region or in the abdominal wall and HIPEC was not deemed appropriate 

in these cases. In five patients with isolated hepatic recurrence a segmental resection of 
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the liver was performed and in one patient a left hemihepatectomy was conducted. All 

patients with isolated pulmonary metastases underwent a wedge resection either using 

video-assisted thoracoscopic surgery (six patients) or a mini thoracotomy (two patients).

When comparing the characteristics of patients undergoing repeat surgery with patients 

treated palliatively (Table 1), the interval between initial HIPEC and recurrence was 

significantly longer in the surgical group (20.0 months versus 10.6 months, P = 0.003). 

Patients with only locoregional or distant recurrence were more frequently treated 

with surgical resection (34 versus 3%, P < 0.001) compared to patients with combined 

locoregional and distant recurrence. The number of initially affected regions in recurrent 

PC was significantly higher in patients who received palliative treatment compared to 

patients with a surgical resection (median 4 (IQR 3–5) versus 3 (IQR 2–4), P = 0.009). The 

main reason for patients not to be treated surgically was the extent of dissemination, 

which was deemed unresectable.

One patient died within 30 days after a liver metastasectomy, resulting in a 30-

day mortality rate of 3.1% after surgical resection of recurrence. In total 7 patients 

(22%) suffered from a severe complication (Clavien–Dindo ≥ 3) after reintervention 

for recurrence. Two patients following hepatic resection developed complications; bile 

leakage requiring re-operation and an intra-abdominal abscess requiring radiological 

drainage, respectively. Two patients required reoperation after resection of a locoregional 

recurrence due to hemorrhage and a fascia dehiscence; another three patients developed 

an intra-abdominal abscess requiring radiologic drainage. No severe complications were 

seen after pulmonary resection.

After a median disease-free interval of 9.4 months, 20 patients developed recurrence 

after surgical resection of recurrence. Five of these patients (25%) received another 

subsequent surgical intervention. In three patients, locoregional recurrence was again 

resected, of which two patients received another HIPEC. Additionally, two patients with 

pulmonary metastases were resected with curative intent.

Survival analysis

The median survival after diagnosis of recurrence was 14.9 months with a 5-year overall 

survival rate of 6%. Figure 3 shows the overall survival after recurrence with stratification 

by location of recurrence. Patients with isolated locoregional recurrence, distant 

recurrence and locoregional combined with distant recurrence had a median survival 

of 15.3, 22.1, and 9.3 months, respectively. There was a significant better survival of 
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patients with distant recurrence compared to patients with combined locoregional and 

distant recurrence (P = 0.046). There was no difference between patients with only lung 

metastasis compared to patients with only liver metastasis (P = 0.38).

 
Figure 3, Kaplan–Meier analysis of overall survival after diagnosis of recurrent colorectal cancer 
following CRS + HIPEC, comparison between location of recurrence

The overall survival after diagnosis of disease recurrence was significantly longer in 

patients with resection of recurrence versus patient undergoing palliative treatment 

with a median overall survival of 43 and 12 months, respectively (P < 0.001, Figure 

4). In patients with intra-abdominal recurrence only, the survival was significantly 

longer in those patients treated with surgery compared to palliative treatment (median 

survival: 42.9 versus 11.8 months, P < 0.001). Additionally, in patients with only distant 

metastases, the median survival was significantly longer when surgical resection of this 

recurrence took place (55.6 versus 13.4 months, P = 0.035). In patients with distant and 

locoregional recurrence, one patient was treated with curative intent which resulted in 

a survival of 37.5 months compared to a median survival of 9.4 months in patients who 

were treated palliatively. As only one patient was treated with curative intent, this was 

not statistically significant (P = 0.33).
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Figure 4, Kaplan–Meier analysis of overall survival after diagnosis of recurrent colorectal cancer 
following CRS + HIPEC, comparison between palliative treatment or surgical resection

Patients with metastasectomy before CRS + HIPEC did not have a worse survival compared 

to patients without prior metastasectomy (HR: 0.37, 95%-CI 0.09–1.52, P = 0.17). 

The prognostic value of several clinical and pathological parameters after diagnosis of 

recurrence is depicted in Table 2. In univariate analysis, a significant correlation was seen 

for the nodal stage of the primary tumor (HR: 0.30, 95%-CI 0.12–0.77, P = 0.012), the 

number of involved regions at the initial HIPEC procedure (HR: 1.30, 95%-CI 1.10–1.54, 

P = 0.002), the interval between HIPEC and recurrence (HR: 0.93, 95%-CI 0.89–0.97, P 

< 0.001), surgical resection of recurrence (HR: 4.98, 95%-CI 2.26–11.0, P < 0.001), and 

location of recurrence (HR: 2.21, 95%-CI 1.08–4.52, P < 0.001). In multivariate analysis, 

nodal stage (HR: 0.32, 95%-CI 0.12–0.89, P = 0.03), the number of involved regions at 

the initial HIPEC (HR: 1.22, 95%-CI 1.03–1.45, P = 0.02), and resection of recurrence 

(HR: 4.07, 95%-CI 1.51–11.0, P = 0.006) were significantly related to survival.
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Table 2, Univariable and multivariable analysis by cox regression model of factors affecting the 
overall survival after recurrence following CRS + HIPEC in colorectal cancer patients

Variables Median 
survival 
(months)

Univariable HR 
(95% CI)

P value Multivariable 
HR (95% CI)

P value

Age          

 ≤60 15.8 –      

 >60 12.5 1.09 (0.70–1.71) 0.70    

Sex          

 Female 14.9 –      

 Male 14.2 1.00 (0.64–1.56) 0.99    

Nodal stage of 
primary tumor

         

 N0 38.1 –   –  

 N+ 12.1 2.60 (1.33–5.01) 0.005 2.44 (1.22–4.90) 0.01

Location of primary 
tumor

         

 Colon 12.5 –      

 Rectosigmoid 18.9 0.70 (0.44–1.10) 0.12    

Histology          

 Adenocarcinoma 15.0 –      

  Mucinous 
adenocarcinoma

17.6 0.83 (0.50–1.39) 0.48    

 Signet ring cell 7.8 1.88 (0.74–4.77) 0.19    

Tumor 
differentiation

         

 Well 13.4 –      

 Moderate 17.3 0.86 (0.33–2.24) 0.76    

 Poor 5.6 1.56 (0.57–4.29) 0.39    

Diagnosis of 
initial peritoneal 
carcinomatosis

         

 Metachronous 15.1 –      

 Synchronous 14.2 1.27 (0.80–2.00) 0.31    

Number of initial 
affected regions at 
initial HIPEC

14.9 1.30 (1.10–1.54) 0.002 1.22 (1.03–1.45) 0.02

Adjuvant 
chemotherapy after 
initial HIPEC

         

 Yes 15.3 –      

 No 11.3 1.48 (0.81–2.70) 0.21    
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Variables Median 
survival 
(months)

Univariable HR 
(95% CI)

P value Multivariable 
HR (95% CI)

P value

Metastasectomy 
performed before 
CRS + HIPEC

  0.37 (0.09–1.52) 0.17    

Interval between 
HIPEC and recurrence

14.9 0.95 (0.92–0.98) <0.001 0.97 (0.93–1.01) 0.16

Location of 
recurrence

         

 Locoregional 15.3 –   –  

 Distant metastases 22.1 0.83 (0.92–1.51) 0.54 0.67 (0.35–1.29) 0.44

  Combined loco-
regional and distant

9.4 1.52 (0.92–2.51) 0.10 0.80 (0.46–1.39) 0.23

Treatment          

 Resection 42.9 –   –  

 Palliative treatment 11.8 4.37 (2.21–8.64) <0.001 2.68 (1.20–6.00) 0.02

 
D i s c u s s i o n

In the study we report the largest multicenter series of CRC patients with recurrent 

disease following complete CRS and HIPEC for peritoneal carcinomatosis. At a median 

follow-up of 26.6 months, out of 287 patients, 132 patients (46%) were diagnosed with 

recurrent disease. Thirty-two patients (24%) underwent repeat surgery with curative 

intent resulting in a median overall survival of 43 months as compared to 12 months 

in patients with recurrent disease treated palliatively. In multivariate analysis, the initial 

nodal stage and number of affected regions at the primary HIPEC procedure were 

significantly correlated with survival following recurrence.

In our study, after a median interval of 11.4 months (IQR 6.7–16.8), disease recurrence 

was diagnosed in 132 patients. Fifty-seven patients (43%) had isolated locoregional 

recurrence, 34 patients (26%) isolated distant metastases and 41 patients (31%) 

locoregional recurrence combined with distant metastases (Figure 1). These recurrence 

patterns differ from data after curative resection of primary CRC, in which nearly 50% of 

the recurrences are reported to occur in the liver, approximately 20% in the peritoneum, 

and only about 10% of recurrences are reported to occur in the lung.15, 16

Disease recurrence following CRS and perioperative intraperitoneal chemotherapy has 

been described earlier showing recurrence in 48–70% of patients at a median interval 
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of 6–12 months following CRS + HIPEC. Isolated intra-abdominal recurrence is reported 

in 31–57% of patients, isolated distant metastases in 20–48% and combined intra-

abdominal and distant recurrence in 13–22% of patients.8, 17-19 These results are in 

accordance with the results presented in our study.

It is unknown why in some patients tumor dissemination remains confined intra-

abdominally, while in other patients hematogenous metastases develop in the liver, lung 

or other locations outside the abdominal cavity. Presumably, the tumor biology, mole-

cular mechanisms, and underlying genetic profiles, play a role in the pattern of disease 

dissemination. Specific gene expression profiles have been associated with different 

dissemination patterns of CRC, including the development of PC.20 For instance, 

amplification of chromosome 20q combined with the absence of mutations in the PI(3)

K signaling pathway is associated with the development of liver metastasis in CRC.21 

Additionally, several biomarkers have been associated with the development of PC.22 

Further research of the molecular pathways is warranted to clarify the dissemination 

patterns and to indicate potential strategies for treatment and prevention in clinical 

practice.

Nine patients (6.8%) with recurrence had prior metastasectomy before CRS + HIPEC. The 

survival in these patients was not significantly different compared to the other patients 

in the study, and the same number of repeat procedures was performed. We have not 

excluded these patients from the analysis as this could result in a selection bias. In our 

study, 24% of the 132 patients with recurrence underwent surgery with curative intent. 

Locoregional recurrence was treated in 17 patients (30%), pulmonary metastasis in 8 

patients (57%), liver metastasis in 6 patients (35%), and 1 patient (2%) was treated for 

pulmonary and locoregional recurrence. Surgical resection of recurrence, compared to 

palliative treatment, extended the median overall survival from 12 months to 43 months 

(P < 0.001). In smaller patient series comparable results have been demonstrated.8, 19

Several studies have investigated the role of potential curative surgery in patients with 

locoregional recurrence of primary colonic cancer, showing long-term survival with 

acceptable postoperative morbidity and mortality.23-26 Uniformly, the margin status of 

the resection was associated with a longer survival in all these studies. Additionally, 

nodal stage23, age24, pathological grade25, tumor diameter25, and length of disease-free 

interval26 are associated with survival following surgery in recurrent CRC.

The choice for palliative treatment or, potentially curative, surgery depends on several 

factors. Firstly, the extent of disease both in involvement of vital organs or anatomical 
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structures or the extent of dissemination largely determines the possibility for curative 

surgery. For instance, encasement of major vascular structures may preclude complete 

surgical resection.23 In nearly all of the patients, the reason to refrain from resection 

was the extent of the disease, based on preoperative radiologic imaging or diagnostic 

laparoscopy. Although patients undergoing CRS + HIPEC are generally fit and well-

motivated to receive additional treatment, some patients declined surgery. In a minority 

of cases co-morbidity precluded surgery.

The overall complication rate of 22% of repeat interventions in our study was acceptable 

and comparable to reports of resection of recurrence following curatively resected CRC, 

in which postoperative complications are reported in 21–31% of patients.23, 24

The median survival after the diagnosis of recurrence was 14.9 months, which is 

comparable to earlier reports.8, 17, 19 In our univariate analysis, a longer interval between 

the initial HIPEC and recurrence was significantly correlated to a longer survival. This 

implies that a longer interval between CRS + HIPEC and recurrence results in a longer 

survival after recurrence. This association has been described earlier in patients with 

recurrence after CRC, treatment of liver metastasis, and in patients treated with CRS 

+ HIPEC.8, 17, 27, 28 In both uni- and multivariate analysis, a lower N-stage, the number 

of involved regions, and resection of recurrence were significantly related to a longer 

survival. The finding that the N-stage of the initial tumor is correlated with survival 

substantiates the paradigm that peritoneal carcinomatosis is not necessarily systemic 

metastatic disease but rather a loco regional dissemination of the cancer.

The extent of peritoneal carcinomatosis at primary resection as expressed by the PCI, 

which is known to strongly correlate with survival, was also of influence on survival after 

treatment of recurrence. Despite complete CRS at primary resection, the extent of disease 

was found to be independently correlated to survival after recurrence, suggesting that 

the extent of the disease may be an indication of the aggressiveness of the underlying 

malignancy. The before mentioned data suggests that patients with an initial N0 stage 

and low tumor burden at initial CRS + HIPEC, may benefit the most from repeat surgery.

This study is limited by its retrospective nature. Selection bias may have influenced the 

difference in survival between patients undergoing surgery and those treated with 

palliative intent. However, this should not divert us from the most important message 

of our study being that surgery with curative intent can be offered in recurrent disease 

when technically feasible. One should observe that patients with a combination of 

locoregional and distant recurrence are currently infrequently operated with curative 
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intent. Although, we reported the largest series of consecutive CRC patients with disease 

recurrence following CRS + HIPEC, the number of patients is still insufficient to perform 

various subanalyses in the different recurrence groups, and to perform a detailed 

comparison between the different surgical treatments.

C o n c l u s i o n s

Disease recurrence after CRS + HIPEC is common. As recurrence occurred within 2 years 

following primary HIPEC in 88% of the patients in our study, intensive surveillance is 

warranted during this period. Although our study consisted of a small, highly selected, 

group of patients, timely detection of recurrence and an aggressive surgical approach 

may result in a substantial survival benefit. The nodal stage of the primary tumor and the 

number of involved regions at the initial HIPEC-procedure, together with the resectability 

of recurrence, independent of its location, are the strongest predictors to achieve long-

term survival.
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A b s t r a c t

Background

Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy 

(HIPEC) is currently the only curative option for patients with peritoneal carcinomatosis 

of colorectal origin. Despite meticulous preoperative assessment, CRS and HIPEC appear 

to be impossible in a subset of patients at the time of surgery. This study investigated 

which clinical factors may identify these patients before surgery and reported on factors 

influencing survival.

Methods

All patients with PC of colorectal origin between April 2005 and November 2013 

who underwent exploratory surgery to determine whether cytoreduction and HIPEC 

was feasible were included in this study. Details concerning preoperative patient 

characteristics, perioperative outcomes, treatment and survival were compared.

Results

In total, 350 patients with PC were referred to evaluate the possibility of CRS + HIPEC 

of which 268 (76.6%) underwent CRS and HIPEC and 82 (23.4%) had an open-close 

procedure. The main reason for discontinuing surgery was widespread peritoneal disease 

(50%). A preoperative ostomy and an ASA score of 3 were associated with an increased 

risk for “open and close” (O&C). Median survival was 11.2 months in patients treated 

with palliative chemotherapy (75%) compared with 2.7 months with palliative care only.

Conclusions

CRS and HIPEC were deemed unsuitable in almost a quarter of all patients undergoing 

surgery. No strong clinical predictors for O&C were found, stressing the need for better 

preoperative imaging modalities. Survival in these patients is limited, but the majority 

could be treated with palliative chemotherapy resulting in survival of almost 1 year.
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B a c k g ro u n d

Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy 

(HIPEC) is currently the treatment of choice in selected patients suffering from peritoneal 

carcinomatosis (PC) of colorectal cancer (CRC).1,2 Unfortunately, not all patients with 

PC are suitable for this treatment. Generally accepted contraindications include the 

presence of hematogenous metastases to the liver or lungs, advanced age, poor 

performance status, and widespread peritoneal dissemination mostly defined by a 

peritoneal carcinomatosis index (PCI) greater than 20.3–5 In case HIPEC is not possible, 

the only remaining treatment option is palliative chemotherapy; feasibility and efficacy 

of this treatment is currently unknown.6,7 

To select only those patients for explorative surgery who are most likely to benefit 

from subsequent CRS and HIPEC, all patients diagnosed with PC undergo meticulous 

preoperative screening. This usually includes laboratory tests, review of pathology 

reports, assessment of general condition, and radiological imaging to rule out systemic 

metastases and to assess the degree of peritoneal dissemination. Unfortunately, current 

imaging modalities, such as CT and PET scan have limited sensitivity for the detection 

of small metastatic deposits (e.g., in the liver) and usually fail to adequately predict the 

PCI.8 As a result, in some patients a decision not to pursue CRS and HIPEC is only taken 

during explorative surgery and the procedure is then designated as “open and close” 

(O&C). Obviously, this is undesirable and should be avoided whenever possible, because 

it is harmful to the patient but also a burden on hospital resources.

Many reports on large patient cohorts undergoing CRS and HIPEC have now been 

published and the HIPEC procedure is currently well characterized. Surprisingly, very little 

is known about patients who undergo an O&C procedure while CRS and HIPEC was 

intended. Since these patients constitute a relevant percentage of PC patients, increased 

knowledge on this patient category is required. Therefore, the current study aimed to 

identify risk factors for O&C-procedures and to investigate the results of subsequent 

palliative treatment. By doing so, the percentage of O&C-procedures may be reduced 

and individual patients may be adequately counseled concerning palliative treatment 

options and prognosis.
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M e t h o d s

Patients

Between April 2005 and November 2013, all consecutive patients with PC of CRC 

operated at the Catharina Hospital Eindhoven or St. Antonius Hospital Nieuwegein 

in the Netherlands with the intent to perform CRS and HIPEC were included in this 

study. Data were extracted from a prospective database, focusing on patient and tumor 

characteristics, operative characteristics, postoperative outcome, and survival.

Cytoreductive surgery and HIPEC

Before surgery, all patients were investigated by a surgeon specialized in HIPEC-

procedures. Previous operation and pathology reports were reviewed and all patients 

were staged with an abdominal and thoracic CT scan. Additionally, a multidisciplinary 

team consisting of a medical oncologist, radiologist, gastroenterologist, and oncologic 

surgeons decided on the appropriate treatment course. In case widespread PC was 

suspected based on the radiological or clinical findings, a diagnostic laparoscopy was 

added to the preoperative workup. Patients who were deemed unsuitable for HIPEC by 

laparoscopy were excluded from the current study.

In the patients deemed eligible for CRS  +  HIPEC, an exploratory laparotomy was 

performed as described previously.9 The purpose of every operation was to remove all 

visible tumor deposits in the peritoneal cavity. “O&C” was defined as a patient who 

was initially enrolled for surgery but proved not to be eligible for CRS and HIPEC after 

exploring the peritoneal cavity. The main reason for discontinuation was noted in the 

medical chart and included an extensive disease characterized as Peritoneal Cancer Index 

score >20,10 and/or sPCI > 5,11 massive small bowel involvement resulting in short-bowel 

syndrome if resected, liver metastases, or inability to radically resect the primary tumor.

In patients in whom cytoreduction was feasible, completeness of cytoreduction was scored 

using the R-score (R-1: no macroscopic disease, R2a: residual tumor nodules ≤ 2.5 mm 

in diameter, R2b: residual tumor nodules between 2.5 mm and 2.5  cm in diameter). 

HIPEC-procedures were performed by using the open-colosseum technique. Saline was 

heated and infused until a temperature of 41–42 °C was obtained, followed by adding 

Mitomycin C (35 mg/m2), which was circulated for 90 min using the Performer™ HT 

(RanD Biotech, Italy).
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Statistical analysis

Patient and tumor characteristics were compared and analyzed using a Chi square or 

Fisher’s exact test according to sample size. Student t test or Mann–Whitney U was 

used in case of continuous variables. All tests of statistical significance were two-

sided. Kaplan–Meier was used to analyze survival. P < 0.05 was considered statistically 

significant. Logistic regression analysis was performed to find predictors of becoming 

O&C, including only variables that proved to be significant in the univariate analyses. To 

find factors influencing survival after O&C, Cox-regression analysis was used. For COX 

analyses and logistic regression, P < 0.10 was considered statistically significant. Data 

were analyzed using the statistical package for social sciences (SPSS Inc., Chicago, IL), 

version 21.0.

R e s u l t s

In total, 350 patients were included in the current study (Table 1). In 82 patients (23.4%), 

CRS and HIPEC was deemed impossible after exploring the abdominal cavity (“O&C”). 

Reasons for discontinuation of the procedure were a PCI scored > 20 (50% of O&C), 

an irresectable primary tumor (29.3%), massive small-bowel involvement (14.6%), and 

presence of unexpected liver metastases (6.1%). Seventeen among these 82 had prior 

diagnostic laparoscopy (17%).

Before referral, 318 patients (90.9%) had undergone previous surgical intervention. In 

250 patients (71.4%), the primary tumor had already been removed. There were no 

differences in the surgical intervention percentage (91.5 versus 92.5%, P  =  0.75) or 

the primary tumor resection rate (70.7 versus 71.6%, P  =  0.87) between the open-

close and CRS + HIPEC groups. Also when excluding metachronous PC patients, who 

all had previous primary tumor resection, no statistically significant results were seen 

(P = 0.86 and 0.39, respectively). At presentation in our centers, 28 (34.1%) patients in 

the O&C group had a colostomy compared with only 59 (22%) in the CRS + HIPEC group 

(P = 0.03). The interval between primary intervention and exploratory laparotomy did 

not statistically differ between either the synchronous (2.2 versus 2.1 months, P = 0.24) 

or metachronous (20.8 versus 20.3 months, P = 0.66) O&C and CRS + HIPEC group. 

Regarding the ASA classification, 14 patients (18.7%) in the O&C group were ASA III 

compared with only 23 (8.7%) in the CRS + HIPEC group (P = 0.02).
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A similar percentage of patients received neoadjuvant chemotherapy (7.3 versus 10.8%, 

P = 0.36) before referral and adjuvant/palliative chemotherapy after intervention (74.7 

versus 69.5%, P = 0.20).

Table 1, General characteristics (N = 350)

Variable Open-close (%) CRS + HIPEC (%) P value

N = 82 (23.4) N = 268 (76.6)

Gender (%) 

 Male 51 (62.2) 129 (48.1) 0.02

 Female 31 (37.8) 139 (51.9)  

Reason open-close (%)

 PCI 41 (50.0)  

 Small bowel 12 (14.6)

 Irresectable process 24 (29.3)

  Liver metastases 5 (6.1)

PC type      

 Synchronous (%) 56 (68.3) 149 (55.6) 0.03

 Metachronous (%) 26 (31.7) 119 (44.4)

Surgical intervention (%) 75 (91.5) 248 (92.5) 0.75

 Synchronous only (%) 49 (87.5) 129 (86.6) 0.86

 Metachronous only (%) 26 (100) 119 (100) –

Primary tumor resection (%) 58 (70.7) 192 (71.6) 0.87

 Synchronous only 32 (57.1) 75 (50.3) 0.39

 Metachronous only 26 (100) 119 (100) –

Presence of ostomy (%) 28 (34.1) 59 (22.0) 0.03

Interval primary surgery–HIPEC (mo)      

 Synchronous 2.2 (0.1–7.3) 2.1 (0–32.6) 0.24a

 Metachronous 20.8 (8.8–170.9) 20.3 (1–402.8) 0.66a

ASA score (%)      

 I 6 (8.0) 28 (10.6) 0.02

 II 54 (72.0) 214 (80.8)

 III 14 (18.7) 23 (8.7)

 IV 1 (1.3) 0

Neoadjuvant chemotherapy (%) 6 (7.3) 29 (10.8) 0.36

Adjuvant/palliative chemotherapy (%) 59 (74.7) 173 (69.5) 0.20

aMann–Whitney

Tumor characteristics

In both the O&C and CRS + HIPEC group, the majority was diagnosed with a T4-tumor 

at initial presentation (45.1 and 48.5% respectively, P = 0.74). The percentage of N2 

nodal stage was 29.3% in the O&C group compared with 38.1% in the CRS + HIPEC 
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group. There was no statistical difference in N-stage distribution, although in 33 cases 

(9.4%), nodal stage was unknown. Tumor differentiation significantly differed between 

both groups, as more poorly differentiated tumors were present in the O&C group 

(44 versus 22.8%) and consequently, less moderately differentiated tumors (40 versus 

64.3%, P = 0.01). Signet cell differentiation (8 versus 8%) and mucinous histology (30 

versus 25.6%, P = 0.45) were similar in both groups. Regarding the localization of the 

primary tumor, the right colon area appeared to be the origin in the majority of patients 

(41.1%). No statistical differences were found in localization between both groups. 

Tumor characteristics are shown in Table 2.

Table 2, Tumor characteristics

Variable Open-close (%) CRS + HIPEC (%) P value
N = 82 (23.4) N = 268 (76.6)

T stage (%)      
 T1 0 (0) 2 (0.7) 0.74a

 T2 3 (3.7) 10 (3.7)  
 T3 26 (31.7) 116 (43.3)  
N stage (%)      
 N0 13 (15.9) 77 (28.7) 0.10a

 N1 27 (32.9) 74 (27.6)  
 N2 24 (29.3) 102 (38.1)  
 Nx 18 (22.0) 15 (5.6)  
Tumor differentiation (%)      
 Good 4 (4.9) 13 (4.9) 0.01a

 Moderate 20 (24.4) 144 (53.7)  
 Poor 22 (26.8) 51 (19.0)  
 Signet cell 4 (4.9) 16 (6.0)  
 Unknown 32 (39.0) 44 (16.4)
Mucinous (%)      
 Yes 21 (25.6) 68 (25.4) 0.45
 No 49 (59.8) 198 (73.9)  
 Unknown 12 (14.6) 2 (0.7)
Localization of primary tumor
 Right colon 39 (47.6) 105 (39.2) 0.55
 Transverse 5 (6.1) 13 (4.9)  
 Left colon 2 (2.4) 17 (6.3)  
 Sigmoid 29 (34.1) 99 (36.9)  
 Rectum 7 (8.5) 32 (11.9)  
 Unknown primary 1 (1.2) 1 (0.4)  

aIncluding patients with known pT, pN, differentiation, and mucinal status
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Following CRS + HIPEC, 96.6% of patients had a macroscopically complete resection 

(R1). In total, 125 patients ended up having a colostomy after the procedure. This was 

similar in both groups (36.6 versus 35.4%, P = 0.83). Thirty-day mortality occurred in 

three patients in each group (3.7 versus 1.1%, P = 0.14).

Risk factors for O&C

Table 3 provides odds ratios for an O&C procedure. The presence of a colostomy before 

HIPEC increased the risk for O&C (odds ratio (OR): 2.03, range 0.97–4.28, P = 0.06). 

Also, an ASA score of 3 was associated with an increased risk for becoming O&C (OR: 

4.35, range 1.05–17.97, P = 0.04). Female patients was the only factor associated with 

a decreased risk of becoming O&C (OR: 0.56, range 0.28–1.12, P = 0.10).

Table 3, Risk factors for inability to perform CRS + HIPEC

Variable P value Odds ratio 95% CI

PC dx

 Synchronous 0.80 Ref Ref

 Metachronous   0.56 0.43–1.92

Gender      

 Male 0.10 Ref Ref

 Female   0.56 0.28–1.12

Differentiation      

 Good 0.14 Ref Ref

 Moderate 0.67 0.37 0.10–1.38

 Poor 0.76 1.33 0.35–5.01

 Signet   0.77 0.15–4.05

Ostomy at presentation      

 No 0.06 Ref Ref

 Yes   2.03 0.97–4.28

ASA      

 I 0.66 Ref Ref

 II 0.04 1.30 0.40–4.30

 III   4.35 1.05–17.97

Treatment Open & Close

Sixty-seven (81.7%) of the 82 patients in the O&C group had explorative surgery only. 

In the remaining group, ten (12.2%) had some form of resection (mostly low-anterior 

resection or omentectomy) and five (6.1%) had bowel diversion surgery. Postoperatively, 

59 patients (74.7%) received palliative chemotherapy after hospital discharge. Median 
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survival in this group was 11.2 months (95%-CI 8.9–13.4) compared with 2.7 months 

(95%-CI 2.6–2.8) in those not receiving palliative chemotherapy (P < 0.001).

Survival analysis

Overall survival in the O&C group was 9.8  months with no 5-year survival reported 

versus 31.0 months in the HIPEC group (P < 0.001, Figure 1). Median survival did not 

statistically differ between synchronous or metachronous PC (7.8 versus 10.5 months, 

P  =  0.11). When comparing the reasons for discontinuation, survival was 7.0, 6.5, 

17.2, and 14.5  months for advanced PCI, irresectable primary tumor, massive small-

bowel involvement and presence of liver metastasis respectively (P = 0.67). Within the 

synchronous O&C group, primary tumor resection did not influence survival (median, 6.5 

versus 9.8 months, P = 0.88).

Figure 1, Overall survival in the O&C group compared with the HIPEC group

 

Predictors of death in open-close patients are shown in Table 4. Signet cell histology 

(hazard ratio (HR): 14.7, range 0.7–307.9, P = 0.08) and ASA 3 classification at 

exploratory laparotomy (HR: 18.4, range 1.9–183.8, P = 0.01) were associated with 

an increased risk of death. On the contrary, primary tumor location in the rectum (HR: 

0.04, range 0.0–0.5, P = 0.02) and administration of palliative chemotherapy (HR: 

0.02, range 0.0–0.1, P < 0.001) had an increased chance of survival.
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Table 4, Predictors of death within open & close group

Variable Hazard ratio 95%-CI P value
PC dx
 Metachronous Ref Ref 0.86
 Synchronous 0.67 0.01–50.09
Age category (yr)
 <50 Ref Ref 0.11
 50–60 0.20 0.03–1.42 0.17
 60–70 0.24 0.03–1.79 0.42
 70+ 0.27 0.01–6.59
Primary location
 Right Ref Ref  
 Transverse 0.17 0.01–3.19 0,23
 Left 0.00 0.00 0.99
 Sigmoid 0.64 0.15–2.67 0.54
 Rectum 0.04 0.00–0.54 0.02
Differentiation
 Good Ref Ref  
 Moderate 2.84 0,28–28.31 0.37
 Poor 4.04 0.39–42.42 0.25
 Signet 14.65 0.70–307.85 0.08
Mucinous     0.65
 No Ref Ref  
 Yes 0.69 0.14–3.47
Primary resection      
 No Ref Ref 0.76
 Yes 0.76 0.13–4.50
Reason open close      
 PCI Ref Ref  
 Small bowel 0.35 0.02–5.68 0,46
 Irresectable process 1.59 0.49–5.15 0.44
 Liver metastases 0.00 0.00 0.99
ASA score      
 I Ref Ref  
 II 2.15 0,23–20.39 0.51
 III 18.43 1.85–183.83 0.01
Stoma post-HIPEC      
 No Ref Ref 0.24
 Yes 2.88 0.49–16.82
Palliative chemotherapy      
 No Ref Ref <0.001
 Yes 0.02 0.00–0.14
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D i s c u s s i o n

This study reports on patients with PC of CRC in whom CRS and HIPEC was intended 

but was deemed impossible during surgical exploration. The current study shows that 

despite preoperative screening almost one-fourth of all procedures was discontinued 

and was designated as O&C. Therefore, this category constitutes a relevant proportion 

of patients in HIPEC-centers and needs further characterization.

The main reason for discontinuing with HIPEC appeared to be an advanced PCI, being 

responsible for half of the O&C procedures. An increased PCI is an indicator for poor 

prognosis, although a clear cutoff point for not continuing the procedure cannot be 

easily determined. Gomes da Silva et al. reported that using a PCI of 20 as a cutoff point 

marks the difference between median survival of 41 months (PCI < 20) and 16 months 

survival (PCI  >  20).3 Other groups report cutoff points of 15 or 13 to be important 

delineators for prognosis.4,12 More importantly, these authors stress the fact that other 

factors, such as tumor histology and whether certain parts of the peritoneum are involved 

or not, should be taken into account when determining eligibility. Consequently, PCI as 

sole criterion for discontinuation of the procedure is not sufficient. Other factors, such 

as the possibility of achieving a complete macroscopic resection are equally important to 

prevent recurrent and ongoing disease.13 Consequently, a recent article by Cashin et al. 

showed that even in high-volume disease characterized by PCI > 20, long-term survival is 

achievable.14 Nevertheless, in our institutions, PCI > 20 during explorative laparotomy is 

usually considered a contraindication to pursue CRS and HIPEC and only a few patients 

with a PCI > 20 were operated. Ideally, the PCI should be determined before surgery by 

radiological examination. It has been suggested that PET-CT and MRI may contribute to 

a more accurate assessment of the intra-abdominal tumor burden. However, multiple 

authors conclude that radiological imaging of peritoneal deposits is of limited help in 

preoperative assessment of tumor spread and improvement in imaging modalities is 

therefore much needed in this patient category.8,15–17 

Another important reason for an O&C procedure was the inability to resect all visible 

tumors. It has been extensively proven by several authors that not achieving a complete 

resection results in a significantly poorer median survival.18–20 Yonemura et al. pointed out 

that another important factor limiting the surgical eligibility is small bowel involvement. 

They demonstrated that CCR-0 resection rates were significantly higher in patients when 

the small bowel-PCI was below 2 (91.5%) compared with a score above 2 (45.8%, 
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P  <  0.001) and concluded this particular scoring to be an independent prognostic 

factor.21 Small bowel involvement also was a significant reason for not being able to 

perform optimal CRS in our study.

In a previous study by Iversen et al., the rate of O&C in patients scheduled for 

CRS + HIPEC decreased from 48 to 37% after applying routine diagnostic laparoscopy.22 

Currently, we do not perform routine diagnostic laparoscopy in all possible candidates 

for CRS + HIPEC. This was only performed in case of uncertainty regarding the extent 

of intraperitoneal spread or resectability. In our study, only a quarter of patients were 

O&C and only 17% underwent diagnostic laparoscopy before explorative surgery. In 

these patients, diagnostic laparoscopy apparently failed to predict an O&C outcome. This 

underlines the difficulty to adequately assess disease spread, as small bowel, mesentery, 

and the retroperitoneal plane are difficult to evaluate using laparoscopy, especially when 

adhesions from prior surgery are present. Consequently, laparotomy remains the “gold 

standard” to determine the extent of intraperitoneal dissemination.

An important finding in the current study is that few variables were significantly different 

between both groups. A colostomy present before explorative laparotomy and/or an 

ASA score of 3 were associated with an increased risk of O&C. The fact that only these 

variables were significant stresses the need for improvement of preoperative workup 

using diagnostic modalities, which have so far not been sufficient to adequately predict 

tumor burden as mentioned before.

Interestingly, removal of the primary tumor in the synchronous setting did not decrease 

the chance for subsequent HIPEC. It is however hypothesized that extensive surgery in 

the presence of PC results in the release of intraperitoneal growth factors and subsequent 

tumor growth. It is possible that due to the relatively small window between primary 

intervention and explorative laparotomy, this phenomenon does not yet lead to situations 

in which CRS + HIPEC cannot be performed. Ideally, the interval is shorter but patients who 

underwent surgical intervention need time to recover to be in optimal condition to undergo 

extensive surgery again.23 Primary tumor resection did not significantly improve survival 

within the O&C group. Because resection of the tumor is likely to increase the chance for 

postoperative complications, this may be omitted when the tumor is asymptomatic.

Another interesting factor was the fact that signet ring cell histology was associated with 

an increased risk of death within the O&C group. Poor survival in this particular patient 

category also has been pointed out by other authors and the question remains whether 

CRS + HIPEC even has a role in increasing survival.24,25 
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Patients with PC in whom HIPEC is not possible may be offered palliative chemotherapy 

instead. Previous studies have shown survival rates of 6–12 months in similar but smaller 

patient series.26–28 The current study reveals that most patients (75%) of the O&C group 

could be treated with palliative chemotherapy resulting in a survival of almost 1 year after 

surgery. It should be kept in mind that only patients who can tolerate chemotherapy, 

based on, among others, general condition and performance status, at this stage receive 

chemotherapeutic treatment.29 Nonetheless, this is important information for patients in 

whom HIPEC is not possible offering guidance in their decision regarding the remaining 

treatment opportunities. Prevention of this event is preferable, as O&C results in an 

emotional burden on the patient and uses significant hospital resources. Additionally, 

decreasing the rate of O&C results in less uncertainty regarding this procedure in patients 

scheduled for CRS + HIPEC.

C o n c l u s i o n s

Almost one in four of all patients selected for CRS and HIPEC were found to have 

irresectable disease at laparotomy. No strong preoperative predictors of irresectablilty 

could be identified, which stresses the need for better preoperative imaging modalities. 

Survival in these patients is limited, but 75% of patients may be treated with palliative 

chemotherapy, resulting in survival of almost 1 year.
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Summary and future perspectives 
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S u m m a r y

This thesis focuses on the treatment of peritoneal metastases of gastric and colorectal 

cancer, specifically using cytoreductive surgery (CRS) combined with hyperthermic 

intraperitoneal chemotherapy (HIPEC). A large part of this thesis is based on retrospective 

analysis of patients treated with CRS + HIPEC in the St. Antonius hospital, Nieuwegein, and 

Catherina Hospital, Eindhoven. By combining the patients’ databases of both hospitals, 

we were offered a large unique set of colorectal cancer patients treated with CRS + 

HIPEC. This made it possible to establish statistically significant conclusions regarding 

specific subgroups of patients with peritoneal carcinomatosis of colorectal cancer.

Part 1 is concentrated on the early treatment of peritoneal metastases in gastric and 

colorectal cancer. 

Chapter 2 describes the incidence and occurrence of peritoneal metastases in T4 

colorectal cancer patients. A total of two hundred patients who underwent resection 

of T4 colorectal cancer were retrospectively analyzed after a median follow-up of 66 

months. Approximately 1 in 5 patients had synchronous peritoneal metastases, and the 

same percentage of patients developed metachronous peritoneal metastases. Although 

in multivariate analysis, nodal stage was significantly associated with peritoneal 

metastases (OR: 1.62, 95%-CI 1.12–2.34, P = 0.01), further characterization of these 

patients did not reveal any clinicopathological factors predictive for the development 

of metachronous peritoneal metastases. These are important data when developing 

targeted early detection strategies and therapeutic interventions aimed at the prevention 

of peritoneal metastases. 

In Chapter 3, a systematic review on the risk of metachronous peritoneal metastases 

following potentially curative treatment in gastric cancer patients is presented. This study 

aimed at identifying specific clinicopathological factors associated with an increased risk 

of peritoneal recurrence in gastric cancer patients. Forty-seven articles were included, 

incorporating a total of 18472 gastric cancer patients. The factors which strongest 

correlated with peritoneal recurrence were positive peritoneal cytology (OR: 18.49, 

95%-CI 6.95–49.22, P < 0.00001), serosal invasion (OR: 5.95, 95%-CI 4.28–8.25, P 

< 0.00001) and lymph node involvement (OR: 3.82, 95%-CI 2.8–5.16, P < 0.00001). 

The pooled incidence rates of peritoneal recurrence were 64.1%, 27.3% and 19.6% 

for patients with positive peritoneal cytology, serosal invasion and nodal involvement, 
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respectively. Other factors associated with peritoneal recurrence were vascular invasion, 

lymphatic invasion, tumor differentiation and gender. The location of the primary tumor 

was not associated peritoneal recurrence. This information is crucial when designing 

studies aimed at the early detection, prevention and treatment of peritoneal metastases 

in gastric cancer patients. 

Chapter 4 describes the differences in outcome of performing primary tumor resection 

and cytoreductive surgery and HIPEC in a one-stage procedure or a two-stage procedure. 

Seventy-two patients with synchronous peritoneal carcinomatosis of colorectal cancer 

were analyzed. Patients who underwent primary tumor resection and HIPEC in one 

procedure were compared to patients in whom the primary tumor was removed prior 

to HIPEC treatment. Although the majority of patients are currently treated within a 

two-stage fashion, we showed a significant benefit of the one-stage procedure. In the 

two-stage procedure a resection of earlier bowel anastomosis was frequently performed. 

These more extended resections resulted in more permanent colostomies. The one-stage 

procedure prevented these extended bowel resections and also resulted in a shorter 

treatment plan, with the benefit of early administration of adjuvant chemotherapy. We 

therefor conclude that early referral and combining primary tumor resection and HIPEC 

is preferable and efforts should be made to increase the rate of one-stage procedures. 

In Chapter 5, a survey is presented which was sent to all Dutch surgical and medical 

oncologists. In total 185 eligible responses were received from 71 hospitals, which 

resulted in an overall response rate of 23% and a response rate of 85% of the respective 

hospitals. The most important finding of this survey was that approximately 30% of 

physicians treating colorectal cancer does not regard cytoreductive surgery combined 

with HIPEC as the standard treatment in patients with limited peritoneal carcinomatosis 

of colorectal cancer. Surgeons were generally more in favor of this treatment compared 

to medical oncologists. The majority of surgical respondents choose to perform a primary 

tumor resection in patients with intraoperatively discovered peritoneal carcinomatosis, 

resulting in a high prevalence of patients referred for a two-stage procedure. This 

survey showed a wide range of opinions regarding the optimal treatment in patients 

with peritoneal carcinomatosis. The results of this survey emphasize the need for clear 

guidelines on the treatment of peritoneal carcinomatosis of colorectal origin and the 

need for intensified efforts to disseminate the knowledge on the theoretical and practical 

aspects of the HIPEC treatment among medical and surgical oncologist and residents in 

the Netherlands. 
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Part 2 of this thesis explores the current borders of peritoneal carcinomatosis treatment 

with cytoreductive surgery and HIPEC. 

In Chapter 6, patients with both an acute resection of the primary tumor and 

peritoneal carcinomatosis, were compared to patients without an acute resection of 

the primary tumor. Both emergency presentation and peritoneal carcinomatosis are 

known prognosticators of a poor survival. One hundred forty-nine patients treated 

with CRS+HIPEC for peritoneal carcinomatosis of colorectal cancer were retrospectively 

analyzed, of whom 24.2% initially presented with acute symptoms. Operative outcomes, 

complication rates and survival did not differ between patients with or without emergency 

presentation. The results from this study support the use of CRS + HIPEC treatment in 

patients following acute resection. 

In Chapter 7, the influence of urological involvement of peritoneal carcinomatosis and 

subsequent urological resection during cytoreductive surgery was investigated. Of the 

267 patients who underwent CRS + HIPEC for colorectal cancer, 38 patients underwent 

a urological procedure during CRS + HIPEC. Although complications were more frequent 

in these patients, these were not specifically related to the urological procedure. This 

probably reflected the more extensive peritoneal spread in these patients. The survival of 

patients following urological procedures and HIPEC was comparable to patients without 

urological involvement. We conclude that urological resections during cytoreductive 

surgery in combination with HIPEC are feasible and results in comparable long-term 

results, keeping in mind the higher rate of postoperative complications. 

In Chapter 8, the treatment with CRS + HIPEC in patients with limited liver metastases 

and synchronous peritoneal carcinomatosis of colorectal cancer is described. In a cohort 

of 276 patients treated with CRS + HIPEC for colorectal peritoneal carcinomatosis, 

eighteen patients has synchronous liver metastases, of whom fourteen underwent liver 

metastasectomy. The results of this study show that in patients with limited synchronous 

liver metastases, CRS + HIPEC is feasible and results in similar long term results compared 

to patients without liver metastases. Additionally, severe complications were not more 

prevalent in patients with synchronous liver metastases. A gradual extension of treatment 

of more extensive liver disease in combination with HIPEC for peritoneal metastases, either 

in a one- or two-stage procedure seems justified under careful controlled conditions. 

In Chapter 9, a literature review is presented on the selection of chemotherapy for 

hyperthermic intraperitoneal use in gastric cancer patients. Currently reported data 

of effect on gastric cancer, experience of intraperitoneal usage, either in humans or 
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animals, toxicity profiles, pharmacokinetic data, safety of administration and known 

effect status are presented of several potential chemotherapeutic drugs is presented. 

This report shows that the optimal drug regime is currently unknown and that more 

research is warranted to further elaborate the role of specific drugs and other parameters 

in the HIPEC treatment, such as patient selection, temperature of perfusate, and 

duration of perfusion. With both good systemic effect and favorable intraperitoneal 

pharmacokinetics, a regimen consisting of a platinum-based agent and a taxane appears 

the most promising combination of drugs.

In Chapter 10, we presented the study protocol of the PERISCOPE study. This study aims 

to investigate the feasibility of CRS + HIPEC using oxaliplatin and docetaxel in patients 

with limited peritoneal carcinomatosis of gastric cancer after neoadjuvant systemic 

chemotherapy, and to determine the maximum tolerated dose of intraperitoneal 

docetaxel in combination with a fixed dose regimen oxaliplatin in this treatment 

schedule. Patients with synchronous limited peritoneal carcinomatosis or positive 

peritoneal cytology of gastric cancer, confirmed with diagnostic laparoscopy, treated 

with neoadjuvant chemotherapy are eligible for inclusion. An open HIPEC technique 

is used with oxaliplatin for 30 minutes and a dose-escalation will be performed with 

docetaxel for 90 minutes. Additionally, perfusate- and plasma samples will be obtained 

for pharmacokinetic analysis. The study procedures are further described in this chapter 

and a discussion is presented on the specific choices made in the design of this study. 

Part 3 of this thesis is aimed at exploring the outcome of patients in whom the treatment 

of peritoneal carcinomatosis with CRS + HIPEC was deemed not feasible and the outcome 

of patients presenting with recurrent disease following a previous HIPEC procedure. 

In Chapter 11 we have described the characteristics of patients with recurrence following 

cytoreductive surgery and HIPEC. This study showed that approximately 75% of the 

patients with recurrence have peritoneal recurrence, and in half of these patients this is 

the only location of recurrence. The majority of recurrence after CRS + HIPEC occurred 

in the first two years following treatment, which supports intensive surveillance should 

occur in this period. We showed that initial nodal stage and the resectability of the 

recurrence are the most important prognostic factors in these patients. Consequently, 

timely detection of recurrence and an aggressive surgical approach may result in a 

substantial survival benefit in selected patients.

In Chapter 12, the outcome of patients who were scheduled for CRS + HIPEC, but who 
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at exploratory laparotomy were deemed unresectable are described. Prevention of this 

event is preferable, as the occurrence of open and close procedures results in preoperative 

uncertainty, emotional burden following open and close, and uses significant hospital 

resources. In our population, approximately one quarter of patients scheduled for CRS + 

HIPEC were labelled as open and close procedures. Prior to laparotomy, no strong clinical 

predictors could be identified for unresectability. Although three quarters of patients 

receives palliative chemotherapy, survival was poor in these patients with a median 

overall survival of approximately 10 months. This study emphasizes efforts should be 

made to improve patient selection, such as improving current imaging modalities to 

detect peritoneal nodules.

F u t u re  p e r s p e c t i v e s

In the last decade CRS and HIPEC has become an established procedure in the treatment 

of peritoneal carcinomatosis. The studies presented in this thesis may contribute to 

a further improvement in patient care. However, more research on the treatment of 

peritoneal surface malignancies using CRS + HIPEC is warranted. Improvements should 

be made by performing both clinical research and basic preclinical research.

In clinical research, patient selection remains one of the most important topics to address. 

Improving patient selection will prevent patients who will not benefit from CRS and 

HIPEC, to be exposed to the unnecessary burden of this treatment. On the other hand 

patients who are now excluded from CRS + HIPEC, but may benefit from HIPEC, may 

be included in the future. Improved patient selection may also result in more detailed 

preoperative prediction regarding benefits and morbidity of CRS + HIPEC treatment, 

which is a valuable asset in the process of shared-decision-making when choosing the 

most appropriate treatment in patients with peritoneal surface disease.

A more timely diagnosis and treatment of both synchronous as well as metachronous 

peritoneal dissemination can be achieved by increasing the diagnostic accuracy of current 

imaging modalities, which are frequently incapable of detection small peritoneal nodules. 

For instance, in a small study of fifteen patients, preoperative magnetic resonance imaging 

(MRI) correlated well with surgical peritoneal cancer index and the authors concluded 

that MRI might be a suitable technique for improved patient selection.1 Possibly other 

radiological innovations, such as radio-nuclear imaging, may improve preoperative 
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radiologic accuracy. By improving the accuracy of preoperative diagnostic imaging, a 

more specific estimate can be made whether peritoneal disease is resectable, conceivably 

resulting in a decrease in the rate of “open and close” procedures. Furthermore, possibly 

a more detailed projection can be made on the extent of cytoreductive surgery required 

and its associated risk of morbidity. Albeit its invasiveness, diagnostic laparoscopy is 

a valuable tool in the preoperative assessment of patients planned for CRS + HIPEC. 

However, in a subset of patients diagnostic laparoscopy is not successful, mainly resulting 

of adhesions, or results in an underestimation of the extent of peritoneal spread, especially 

in the retroperitoneal plane. The exact position of diagnostic laparoscopy in patients with 

peritoneal metastases is currently unknown and needs further characterization.

Patient selection can also be improved by a more accurate preoperative physical 

assessment of the patient’s perioperative vulnerability. Numerous risk scoring systems 

including simple clinical tests have been described to determine individual patient’s risk 

of perioperative morbidity and mortality.2 Apart from the ASA classification, these tools 

are hardly incorporated in daily clinical decision making. New scoring systems should be 

validated in patients with peritoneal surface malignances. Specific interventions such as 

exercise therapy or nutritional support have been described to improve outcome following 

major abdominal surgery, their role in CRS + HIPEC has not yet been established.3,4

Prevention and early treatment of peritoneal metastases is believed to be an important 

part of the future of HIPEC treatment. As extensive surgical resections are not required, 

the related surgical morbidity will be limited in early treated patients. The currently 

performed COLOPEC study is a randomized multicenter trial investigating the prevention 

of peritoneal dissemination in patients with T4 or perforated colon cancer undergoing 

adjuvant HIPEC simultaneously or shortly after primary tumor resection.5 In gastric 

cancer, the randomized GASTRICHIP study aims to investigate the survival benefit of 

adjuvant HIPEC during primary resection in gastric cancer patients without manifest 

peritoneal metastases.6 In gastric cancer with its high risk of metachronous peritoneal 

metastases following curative resection, especially in patients with serosal invasion or 

positive peritoneal cytology, prevention of peritoneal metastases appears promising. 

With the results of the PERISCOPE study, outlined in Chapter 10, we hope to design a 

future randomized trial using HIPEC to prevent peritoneal metastases in patients at risk 

for peritoneal dissemination or treat limited peritoneal metastases of gastric cancer.

Patients with disease located outside the peritoneal cavity are generally excluded for CRS 

+ HIPEC. There is a definitive, but currently still ill-defined trend, to combine CRS + HIPEC 
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for peritoneal carcinomatosis with local treatment of limited extraperitoneal disease, i.e. 

limited pulmonary and/or liver metastases. The few available studies suggest a survival 

benefit for patients with well resectable disease but further studies are mandatory to 

establish clear guidelines for the indications and extent of these combined procedures.

Performing a radical resection of all peritoneal metastases is the most important predictor 

of long-term outcome following CRS + HIPEC. To improve outcome in patients with 

peritoneal metastases, an increase in the ability to perform a complete macroscopic 

resections is needed. New initiatives such as intraoperative techniques using fluorescence 

imaging could become an important tool in improving the rate of radical resections in 

peritoneal surface malignancy. Extensive analysis of patients treated with CRS + HIPEC 

can further determine to which extent different surgical resections are feasible in terms 

of perioperative morbidity and long-term outcome. 

A topic of debate in the treatment in peritoneal metastases of both colorectal and gastric 

cancer remains the position of systemic chemotherapy. Currently, adjuvant chemotherapy 

following CRS + HIPEC is regarded as standard treatment in colorectal cancer; however 

the true benefit is unknown. Some authors have advocated the use of neoadjuvant 

chemotherapy, before CRS + HIPEC as this may result in improved survival.7 While 

other studies have shown that limited effect of systemic chemotherapy, since palliative 

treatment does not seem to improve survival in patients with peritoneal metastases and 

neoadjuvant chemotherapy does not increase resectability of unresectable peritoneal 

metastases.8,9 As shown in Chapter 2 and 3 of this thesis, adjuvant chemotherapy did 

not decrease the risk of peritoneal dissemination in patients with T4 colorectal cancer or 

curatively treated gastric cancer. Although, the known limitations of these retrospective 

analyses are present, these results support the theory that systemic chemotherapy 

has limited effect on peritoneal dissemination. Elias at el. described the intraoperative 

administration of intravenous leucovorin and 5-fluorouracil just before HIPEC perfusion, 

with the idea to potentiate the effect of intraperitoneal oxaliplatin.10 The effect of this 

bidirectional chemotherapeutic regimen has not been investigated, and there is currently 

no experimental or clinical data to support this method. More research is warranted on the 

timing and role of systemic chemotherapy in the treatment of peritoneal carcinomatosis.

In the Netherlands, currently all centers using CRS + HIPEC are united in the Dutch 

Peritoneal Surface Oncology Group, which permits the collective performance of 

clinical trials. Additionally, peritoneal carcinomatosis treatment is performed identically 

throughout these centers, which permits the retrospective analysis of large series of 
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patients. Further collaboration between centers specialized in treating peritoneal surface 

malignancies should be encouraged.

Apart from the aforementioned perspectives in clinical research, presumably basic 

and preclinical research has a major role in improving treatment of peritoneal surface 

malignancies. Major steps are expected by using tumor profiling and exploring underlying 

genetic patterns of peritoneal metastases. Personalized cancer treatment is aimed at 

tailoring diagnosis and treatment to each individual molecular tumor profile. More 

insight in tumor profiles will aid in a personalized prediction of disease development, 

progression and therapy response. New biomarkers, such as the already used HER2neu or 

KRAS, may become valuable tools in tailoring cancer treatment to the individual patient. 

For instance, in colorectal cancer, low levels of Bloom syndrome protein (BLM) have 

been associated with high mitomycin sensitivity and improved survival following CRS + 

HIPEC.11 This fundamental information can be both implemented for intraperitoneal as 

well as systemic chemotherapy. Ideally, a personalized chemotherapeutic regimen with 

a combination of systemic and intraperitoneal chemotherapeutic drugs can be formed 

for each individual patient based on the chemosensitivity of the primary tumor and the 

peritoneal metastases. Analysis of molecular biology of different metastatic patterns may 

also help designing tailored strategies in the early detection and prevention of different 

metastatic patterns in gastrointestinal malignancies.

The technique of performing CRS + HIPEC is currently mainly based on clinical 

experience and a limited body of experimental basic or preclinical data. The individual 

elements of HIPEC treatment, such as perfusion duration, temperature, selection of 

chemotherapeutic drugs, intraperitoneal pressure, should be further explored and more 

evidence is warranted to support each component of HIPEC treatment. Experimental 

and preclinical studies are needed to provide a basis for future clinical studies. For 

instance, animal studies by Klaver et al. have shown the efficacy of intraperitoneal 

chemotherapy using mitomcyin in a mouse model with colorectal cancer.12 However, 

the same animal model has shown no difference in survival of animals treated with 

intraperitoneal chemotherapy administered with or without hyperthermia.13 The results 

of these studies require further evaluation in clinical trials. More research is needed on 

the pharmacokinetics and pharmacodynamics of potential chemotherapeutic agents 

in HIPEC. Exploring alternative chemotherapeutic regimens or drugs is necessary. 

Current chemotherapeutic drugs are all derived from systemic therapies; however, the 

development of alternative drugs, primarily for intraperitoneal administration could be 
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promising. For instance, Catumaxomab, a monoclonal antibody targeting the EpCAM 

antigen located on the surface of many epithelial tumors, is a promising new agent 

registered only for intraperitoneal infusion.14 Further intraperitoneal drug development, 

based on tumor profiling, could become a fundamental part of HIPEC development.
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N e d e r l a n d s e  s a m e n v a t t i n g

Dit proefschrift richt zich op de behandeling van peritoneale metastasen (buikvlies 

uitzaaiingen) van maag- en colorectale (dikkedarm) kanker, in het bijzonder met behulp 

van cytoreductieve chirurgie (CRS) in combinatie met hyperthermische intraperitoneale 

chemotherapie (HIPEC). Een groot deel van dit proefschrift is gebaseerd op retrospectieve 

analyses van de patiënten behandeld met CRS + HIPEC in het St. Antonius Ziekenhuis 

te Nieuwegein en Catherina Ziekenhuis te Eindhoven. Door het combineren van 

de patiëntendatabases van beide ziekenhuizen, kregen we een grote unieke set van 

colorectale kanker (carcinoom) patiënten behandeld met CRS + HIPEC. Dit maakte 

het mogelijk om statistisch significante conclusies te vormen betreffende specifieke 

subgroepen van patiënten behandeld met CRS + HIPEC voor peritoneale metastasen van 

colorectale kanker.

Deel 1 is richt zich op de vroege behandeling van peritoneale metastasen van maag- en 

dikkedarmkanker.

Hoofdstuk 2 beschrijft de incidentie van peritoneale metastasen in patiënten met 

T4 colorectale kanker. Een totaal van tweehonderd patiënten die een resectie van T4 

colorectaal carcinoom ondergingen werd retrospectief geanalyseerd na een mediane 

follow-up van 66 maanden. Ongeveer 1 op de 5 patiënten hadden synchrone peritoneale 

metastasen, en hetzelfde percentage patiënten ontwikkelden metachrone peritoneale 

metastasen. Hoewel in multivariate analyse werd gezien dat betrokkenheid van 

lymfeklieren significant geassocieerd was met peritoneale metastasen (OR: 1,62, 95%-BI 

1,12–2,34, P = 0,01), werd bij verdere karakterisering van deze patiënten geen klinische 

en pathologische factoren gevonden die voorspellend waren voor de ontwikkeling van 

metachrone peritoneale metastasen. Dit zijn belangrijke gegevens bij het ontwikkelen 

van strategieën gericht op vroege opsporing en therapeutische interventies gericht op 

het voorkomen van peritoneale metastasen.

In hoofdstuk 3 wordt een systematische review gepresenteerd over het risico 

van metachrone peritoneale uitzaaiingen na potentieel curatieve behandeling van 

maagkanker. Dit onderzoek is gericht op het identificeren van specifieke klinische en 

pathologische factoren geassocieerd met een verhoogd risico op het ontwikkelen van 

peritoneale metastasen bij maagkanker patiënten. Zevenenveertig artikelen werden 

geïncludeerd, waarin een totaal van 18,472 maagkanker patiënten zijn opgenomen. 
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De factoren die het sterkst correleerden met een peritoneaal recidief waren positieve 

peritoneale cytologie (OR: 18,49, 95%-BI 6,95–49,22, P < 0,00001), serosale invasie (OR: 

5,95, 95%-BI 4,28–8,25, P < 0,00001) en betrokkenheid van de lymfeklieren (OR: 3,82, 

95%-BI 2,8–5,16, P < 0,00001). De gepoolde incidentie van peritoneaal recidief waren, 

respectievelijk, 64,1%, 27,3% en 19,6% voor patiënten met een positieve peritoneale 

cytologie, serosale invasie en betrokkenheid van de lymfeklieren. Andere factoren die 

geassocieerd waren met peritoneaal recidief waren vasculaire invasie, lymfatische invasie, 

tumor differentiatie en geslacht. De locatie van de primaire tumor was niet geassocieerd 

peritoneale metastasering. Deze informatie is cruciaal bij het ontwerpen van studies 

gericht op de vroege detectie, preventie en behandeling van peritoneale metastasen bij 

maagkanker patiënten.

Hoofdstuk 4 beschrijft de verschillen in uitkomst van het uitvoeren van primaire tumor 

resectie en cytoreductieve chirurgie en HIPEC in één procedure of in twee aparte 

procedures. Tweeënzeventig patiënten met synchrone peritonitis carcinomatosa van 

colorectale kanker werden geanalyseerd. Patiënten die primaire tumor resectie en HIPEC 

in één procedure ondergingen werden vergeleken met patiënten bij wie de primaire 

tumor werd verwijderd voorafgaand aan de HIPEC behandeling. Hoewel de meerderheid 

van patiënten momenteel wordt behandeld in een tweetraps methode, toonden we 

een significant voordeel van de gecombineerde procedure. Bij patiënten die in twee 

aparte procedures werden behandeld werd een resectie van eerdere anastomose vaak 

uitgevoerd. Deze uitgebreidere resecties resulteerden in meer permanente stomata. De 

gecombineerde procedure voorkwam deze uitgebreid darmresecties en resulteerde in een 

kortere behandeling, met het voordeel dat vroegtijdig gestart kan worden met adjuvante 

chemotherapie. We concluderen daarom dat vroege verwijzing en het combineren van 

primaire tumor resectie en HIPEC beter is, en dat er inspanningen moeten worden 

geleverd om meer gecombineerde procedures uit te voeren.

In Hoofdstuk 5, wordt een onderzoek gepresenteerd waarin een enquête werd 

verzonden naar alle Nederlandse chirurgische en medische oncologen. In totaal werden 

185 reacties ontvangen van 71 ziekenhuizen, wat resulteerde in een totale respons van 

23% en een respons van 85% van de ziekenhuizen. De belangrijkste bevinding van 

dit onderzoek was dat ongeveer 30% van de artsen die dikkedarmkanker behandelen 

cytoreductieve chirurgie in combinatie met HIPEC niet als de standaard behandeling 

beschouwden bij patiënten met beperkte peritonitis carcinomatosa van colorectaal 

carcinoom. Chirurgen waren over het algemeen meer overtuigt van deze behandeling 
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in vergelijking met medisch oncologen. De meeste chirurgische respondenten kozen 

ervoor om een   primaire tumor resectie te voeren bij patiënten met peroperatief 

ontdekte peritoneale metastasen, wat resulteert in een hoge prevalentie van gescheiden 

primaire tumor resectie en HIPEC. Dit onderzoek toonde aan dat er een breed scala van 

behandelingsadviezen wordt gegeven aan patiënten met peritonitis carcinomatosis. De 

resultaten van dit onderzoek onderstrepen de noodzaak van duidelijke richtlijnen voor 

de behandeling van peritoneale metastasen van colorectale oorsprong en de noodzaak 

van inspanningen om de huidige kennis over de theoretische en praktische aspecten 

van de HIPEC behandeling te verspreiden onder medisch en chirurgisch oncologen en 

bewoners in Nederland.

Deel 2 van dit proefschrift onderzoekt de huidige grenzen van peritonitis carcinomatosa 

behandeling met cytoreductieve chirurgie en HIPEC.

In hoofdstuk 6 worden patiënten met zowel een spoedresectie van de primaire tumor en 

peritoneale metastasen, vergeleken met patiënten zonder acute resectie van de primaire 

tumor. Zowel een spoedresectie en peritonitis carcinomatosa zijn bekende voorspellers van 

een slechte overleving. Honderd negenenveertig patiënten die behandeld zijn met CRS 

+ HIPEC voor peritonitis carcinomatosa van colorectaal carcinoom werden retrospectief 

geanalyseerd, waarvan 24,2% in eerste instantie een spoedoperatie ondergingen. 

Operatieve uitkomsten, complicaties en overleving verschilden niet tussen patiënten 

met of zonder initiële spoedoperatie. De resultaten van deze studie ondersteunen het 

gebruik van CRS + HIPEC behandeling bij patiënten na een spoedoperatie.

In hoofdstuk 7 wordt de invloed van urologische betrokkenheid van peritonitis 

carcinomatosa, waarvoor een urologische resectie tijdens cytoreductieve chirurgie 

wordt verricht, onderzocht. Van de 267 patiënten die CRS + HIPEC ondergingen voor 

colorectaal carcinoom, waren er 38 patiënten die een urologische ingreep tijdens CRS 

+ HIPEC ondergingen. Hoewel er meer complicaties voorkwamen bij deze patiënten, 

konden deze niet specifiek gerelateerd worden aan de urologische ingreep. Dit 

weerspiegelt waarschijnlijk de uitgebreidere peritoneale verspreid in deze patiënten. De 

overleving van patiënten met een urologische ingreep was na de HIPEC vergelijkbaar met 

patiënten zonder urologische betrokkenheid. We concluderen dat urologische resecties 

tijdens cytoreductieve chirurgie in combinatie met HIPEC haalbaar zijn en resulteert in 

vergelijkbare lange termijn resultaten, waarbij in acht moeten worden genomen dat er 

een hogere kans is op postoperatieve complicaties.
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In hoofdstuk 8, wordt de behandeling met CRS + HIPEC bij patiënten met beperkte 

leveruitzaaiingen en synchrone peritonitis carcinomatosa van colorectale kanker 

beschreven. In een cohort van 276 patiënten die behandeld zijn met CRS + HIPEC 

voor colorectale peritonitis carcinomatosa, waren er achttien patiënten met synchrone 

levermetastasen, waarvan er veertien een lever metastasectomie ondergingen. De 

resultaten van deze studie tonen aan dat bij patiënten met beperkte synchrone 

levermetastasen, CRS + HIPEC haalbaar is en resulteert in vergelijkbare resultaten op 

lange termijn vergeleken met patiënten zonder levermetastasen. Bovendien kwamen 

ernstige complicaties niet meer voor bij patiënten met synchrone levermetastasen. Een 

geleidelijke uitbreiding van de behandeling van uitgebreide leverziekte in combinatie 

met HIPEC voor peritonitis carcinomatosa, hetzij in een één- of twee-fase procedure, lijkt 

gerechtvaardigd onder zorgvuldig gecontroleerde omstandigheden.

In hoofdstuk 9 wordt een literatuurstudie gepresenteerd over de selectie van de 

chemotherapie voor hypertherme intraperitoneaal gebruik bij maagkanker patiënten. 

Momenteel gerapporteerde gegevens over het effect op maagkanker, de ervaring 

van intraperitoneaal gebruik, zowel bij mensen of dieren, toxiciteitsprofielen, 

farmacokinetische gegevens, de veiligheid van toediening en bekend intraperitoneaal 

effect wordt gepresenteerd van een aantal mogelijke chemotherapeutische 

geneesmiddelen. Dit onderzoek toont aan dat de optimale chemotherapeutische regime 

momenteel niet bekend is en dat meer onderzoek gerechtvaardigd is over de rol van 

specifieke middelen. Verder dient er meer onderzoek plaats te vinden naar andere 

parameters in de HIPEC behandeling, zoals de selectie van patiënten, de temperatuur 

van het perfusaat, en de duur van de perfusie. Met beiden goed systemisch effect en 

gunstige intraperitoneale farmacokinetiek, lijkt een regime bestaand uit een platinum-

middel met een taxane de meest veelbelovende combinatie van medicijnen.

In hoofdstuk 10, presenteerden we het studieprotocol van de PERISCOPE studie. Deze 

studie heeft tot doel de haalbaarheid van CRS + HIPEC te onderzoeken met behulp van 

oxaliplatin en docetaxel bij patiënten met een beperkte peritonitis carcinomatosa van 

maagkanker na neoadjuvante systemische chemotherapie, en de maximaal getolereerde 

dosis van intraperitoneale docetaxel te bepalen in combinatie met een vaste dosering 

oxaliplatin. Patiënten met beperkte synchrone peritonitis carcinomatosa of positieve 

peritoneale cytologie van maagkanker, bevestigd met een diagnostische laparoscopie, 

die reeds behandeld zijn met neoadjuvante chemotherapie komen in aanmerking 

voor deze studie. Een open HIPEC techniek wordt gebruikt met oxaliplatin gedurende 
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30 minuten en een dosis-escalatie wordt uitgevoerd met docetaxel gedurende 90 

minuten. Daarnaast zullen perfusaat- en plasma monsters worden afgenomen voor 

farmacokinetische analyse. De studie procedures worden verder beschreven in dit 

hoofdstuk en een discussie wordt gepresenteerd over de specifieke keuzes die gemaakt 

zijn bij het ontwerpen van deze studie.

Deel 3 van dit proefschrift is gericht op het verkennen van de uitkomst van de patiënten 

bij wie de behandeling van peritoneale metastasen met CRS + HIPEC niet haalbaar werd 

geacht en de uitkomst van patiënten met recidief ziekte na een eerdere HIPEC procedure.

In hoofdstuk 11 hebben we de kenmerken van patiënten met een recidief na 

cytoreductieve chirurgie en HIPEC beschreven. Dit onderzoek toonde aan dat ongeveer 

75% van de patiënten met recidief ziekte, opnieuw peritoneale metastasering heeft. En 

dat in de helft van deze patiënten dit de enige locatie van recidief is. De meerderheid 

van recidief ziekte na CRS + HIPEC treedt op in de eerste twee jaar na de behandeling. 

Dit ondersteunt dat in die periode intensieve follow-up zou moeten plaatsvinden. We 

toonden aan dat bij deze patiënten de initiele lymfeklierstatus en de resectabiliteit van 

het recidief de belangrijkste prognostische factoren zijn. Derhalve kan tijdige detectie 

van recidief ziekte en een agressieve chirurgische benadering tot een aanzienlijke 

overlevingsvoordeel leiden bij geselecteerde patiënten.

In hoofdstuk 12, wordt de uitkomst beschreven van de patiënten die waren gepland 

voor CRS + HIPEC, maar bij wie gedurende exploratieve laparotomie inoperabele ziekte 

werd gezien. Preventie van deze zo genoemde open-dicht procedure is nodig, aangezien 

het optreden hiervan resulteert in preoperatieve onzekerheid, emotionele belasting na 

een open-dicht procedure, en verbruikt het aanzienlijke financiële middelen van het 

ziekenhuis. In onze populatie, vond bij ongeveer een kwart van de patiënten, gepland 

voor CRS + HIPEC, een open-dicht procedures plaats. Er konden geen sterke klinische 

voorspellers worden geïdentificeerd voor een open-dicht procedure. Hoewel driekwart 

van deze patiënten palliatieve chemotherapie ontvangt, was de overleving slecht bij 

deze patiënten, met een mediane overleving van ongeveer 10 maanden. Deze studie 

benadrukt dat er inspanningen moeten worden gedaan om de preoperatieve selectie van 

patiënten te verbeteren, zoals het verbeteren van de huidige beeldvormende technieken 

om peritoneale metastasen te detecteren.
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P h D  p o r t f o l i o

Name PhD student: H.J.W. Braam
PhD period: September 2012 – November 2015
Name PhD supervisor: Prof. Dr. O.R.C. Busch

Year Hours/
ECTS

Courses 
- English Academic Writing for PhD students 
- Refworks beginners course
- Refworks advanced course
- SPSS course. 
- Course Scientific Poster Presentation
- International Conference on Harmonisation – Good Clinical Practice 

(ICH-GCP) course
- Oral presentation course
- Practical biostatistics course
- Presenting in English Course

2012
2013
2013
2013
2013
2013

2013
2014
2014

28 / 1
2 / 0.1
2 / 0.1
14 / 0.5
2 / 0.1
8 / 0.25

2 / 0.1
40 / 1.1
8 / 0.25

Presentations
- Hyperthermic intraperitoneal chemotherapy during primary tumour 

resection limits extent of bowel resection compared to two-stage 
treatment. Oral presentation, Dutch Gastroenterology Society 
Meeting Spring

2013 14 / 0.5

- Hyperthermic intraperitoneal chemotherapy during primary tumour 
resection limits extent of bowel resection compared to two-stage 
treatment. Oral presentation, Chirurgendagen NVVH

2013 14 / 0.5

- Hyperthermic intraperitoneal chemotherapy during primary 
tumour resection limits extent of bowel resection compared to 
two-stage treatment. Poster presentation, St. Antonius hospital 
Wetenschapsavond

2013 14 / 0.5

- Patterns of recurrence following complete cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy in patients with 
peritoneal carcinomatosis of colorectal cancer. Poster presentation, 
St. Antonius hospital Wetenschapsavond

2013 7 / 0.25

- Hyperthermic intraperitoneal chemotherapy during primary tumour 
resection limits extent of bowel resection compared to two-stage 
treatment. Poster presentation, European Cancer Congress (ECCO-
ESMO-ESTRO)

2013 7 / 0.25

- Patterns of recurrence following complete cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy in patients with 
peritoneal carcinomatosis of colorectal cancer. Poster presentation, 
European Cancer Congress (ECCO-ESMO-ESTRO)

2013 7 / 0.25

- Patterns of recurrence following complete cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy in patients with 
peritoneal carcinomatosis of colorectal cancer. Oral presentation, 
Dutch Gastroenterology Society Meeting Autumn

2013 14 / 0.5
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Year Hours/
ECTS

- Patterns of recurrence following complete cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy in patients with 
peritoneal carcinomatosis of colorectal cancer. Oral presentation, 
Najaarsvergadering NVVH

2013 14 / 0.5

- Urological procedures in cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for peritoneal dissemination of 
colorectal cancer. Oral presentation, Dutch Gastroenterology Society 
Meeting Spring

2014 14 / 0.5

- Cytoreductive surgery and HIPEC in treatment of colorectal 
peritoneal carcinomatosis: Experimental or standard care? A 
Survey of Surgical Oncologists and Medical Oncologists. Poster 
presentation, “Chirurgendagen NVVH”

2014 7 / 0.25

- Urological procedures in cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for peritoneal dissemination of 
colorectal cancer. Oral presentation, 34th ESSO Congress

2014 14 / 0.5

- Cytoreductive surgery and HIPEC in treatment of colorectal 
peritoneal carcinomatosis: Experimental or standard care?  
A Survey of Surgical Oncologists and Medical Oncologists. Oral 
presentation, 34th ESSO Congress

2014 14 / 0.5

- Severe skeletal muscle depletion is associated with reoperation 
in patients treated with cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy.  
Poster presentation, 34th European ESSO congress

2014 7 / 0.25

- HIPEC for peritonitis carcinomatosis originating from gastric cancer. 
Invited oral presentation at 9th International Congress on Peritoneal 
Surface Malignancies

2014 14 / 0.5

- Periscope study: HIPEC bij maagcarcinoom, een multicentre dose 
finding study. Invited oral presentation at Nederlandse Sociëteit voor 
Extra-Corporale Circulatie (NeSECC) Wetenschappelijke Bijeenkomst, 
November 2014

2014 14 / 0.25

- Severe muscle depletion is associated with an increased rate of 
reoperations in patients treated with cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy.  
Poster presentation at 9th International Congress on Peritoneal 
Surface Malignancies

2014 7 / 0.25

- Cytoreductive surgery and HIPEC in treatment of colorectal 
peritoneal carcinomatosis: Experimental or standard care? A Survey 
of Surgical Oncologists and Medical Oncologists. Poster presentation 
at 9th International Congress on Peritoneal Surface Malignancies

2014 7 / 0.25

- The occurrence and prediction of peritoneal carcinomatosis in T4 
colorectal cancer. Poster presentation at 9th International Congress 
on Peritoneal Surface Malignancies

2014 7 / 0.25



Appendices

247

Year Hours/
ECTS

- Urological procedures in cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for peritoneal dissemination of 
colorectal cancer. Poster presentation at 9th International Congress 
on Peritoneal Surface Malignancies

2014 7 / 0.25

- Patterns of recurrence following complete cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy in patients with 
peritoneal carcinomatosis of colorectal cancer. Poster presentation at 
to 9th International Congress on Peritoneal Surface Malignancies

2014 7 / 0.25

- Hyperthermic intraperitoneal chemotherapy during primary tumour 
resection limits extent of bowel resection compared to two-stage 
treatment. Poster presentation at 9th International Congress on 
Peritoneal Surface Malignancies

2014 7 / 0.25

- Treatment of peritoneal dissemination in stomach cancer patients 
with cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy (HIPEC): Rationale and design of the PERISCOPE-
study. Poster presentation 9th International Congress on Peritoneal 
Surface Malignancies

2014 7 / 0.25

- Selection of Chemotherapy for Hyperthermic Intraperitoneal use in 
Gastric Cancer. Poster presentation 9th International Congress on 
Peritoneal Surface Malignancies

2014 7 / 0.25

(Inter)national conferences
- 8th World Congress on Peritoneal Surface Malignancies, Berlin
- Annual Spring Conference Dutch Society for gastroenterology, 

Veldhoven
- Dutch Surgical Meeting “Chirurgendagen”, Veldhoven
- Annual Autumn Conference Dutch Society for gastroenterology, 

Veldhoven
- European Cancer Congress (ECCO-ESMO-ESTRO), Amsterdam
- Dutch Surgical Meeting “Najaarsvergadering”, ‘S-Hertogenbosch
- 1e Multidisciplinair Gastro-intestinaal Oncologie Congres (Vier Ds), 

Doorn
- Annual Spring Conference Dutch Society for gastroenterology, 

Veldhoven
- Dutch Surgical Meeting “Chirurgendagen”, Veldhoven
- Dutch Surgical Meeting “Najaarsvergadering”, ‘S-Hertogenbosch
- 9th World Congress on Peritoneal Surface Malignancies, Amsterdam 
- 34th European Society of Surgical Oncology congress, Liverpool
- Dutch Surgical Meeting “Chirurgendagen”, Veldhoven

2012
2013

2013
2013

2013
2014
2014

2014

2014
2014
2014
2014
2015

24 / 0.75
16 / 0.5

16 / 0.5
16 / 0.5

28 / 1
8 / 0.25
16 / 0.5

16 / 0.5

16 / 0.5
8 / 0.25
24 / 0.75
24 / 0.75
8 / 0.25

Other
- PromovendiClub, St. Antonius Hospital, Board member
- Monthly research meeting, St. Antonius hospital, Department of 

Surgery

2013-14
2013-14

28 / 1
14 / 0.5
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D a n k w o o rd

Prof. O.R.C. Busch, geachte promotor, beste professor Busch, u was direct enthousiast 

toen dr. van Ramshorst en ik voor het eerst bij u kwamen praten over mijn onderzoek. 

U zag gelijk de rode draad door het onderzoek en bewaakte deze lijn. Als vaardige, 

vriendelijke en opleidingsgerichte professor is het een eer om bij u te mogen promoveren. 

Dr. B. van Ramshorst, geachte copromotor, beste dr. van Ramshorst, uw bijdrage aan dit 

proefschrift is enorm. Als nestor in het Antonius, stond uw deur altijd voor mij open om 

even te sparren over het onderzoek. Ik heb u leren kennen als een uiterst vriendelijke, 

fanatieke, enthousiaste leermeester met humor en doorzettingsvermogen. U bent in 

staat om het overzicht te behouden en aandacht te houden voor kleine details, zonder 

spijkers op laag water te zoeken, daarin bent u voor mij een voorbeeld. Naast de vele 

wetenschappelijk inhoudelijke adviezen, is uw raadgeving hoe om te gaan met diverse 

relaties zeer waardevol. Ik ben er dankbaar voor dat u mijn ware mentor bent geweest 

de afgelopen jaren. 

Dr. D. Boerma, geachte copromotor, beste Djamila, direct na mijn start in het Antonius 

gingen wij naar een onvergetelijk congres in Berlijn, waar ik nog vaak met plezier aan 

terugdenk. Ik heb jou leren kennen als een ambitieuze, hardwerkende, kordate chirurg 

met veel gevoel voor humor. Je durft oprecht je mening te geven en zegt waar het 

op staat, zonder daarbij onvriendelijk of onsympathiek te worden. Ik wil je hartelijk 

bedanken voor jouw enthousiaste ondersteuning tijdens mijn promotietraject.

Prof. dr. H.W.M. van Laarhoven, prof. dr. B.L.A.M. Weusten, prof. dr. H.J.T. Rutten, prof. 

dr. C. Verhoef, dr. P.J. Tanis, dr. A. Cats, beste leden van de beoordelingscommissie, 

graag wil ik u bedanken voor de kritische beoordeling van mijn proefschrift. 

T.R. van Oudheusden, beste Thijs, ons samenwerkingsverband is goud gebleken. Direct 

vanaf het begin zaten wij op een lijn en verliep de samenwerking zeer prettig. Naast 

dat we vlot diverse publicaties binnensleepten, hebben we ons goed vermaakt op de 

diverse congressen waar we samen weer aanwezig waren voor het presenteren van 

verschillende praatjes en posters. Heel veel succes met afronden van jouw proefschrift.
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Dr. I.H.J.T. de Hingh en dr. M.J. Wiezer, beste Ignace en René, twee ambitieuze en 

sympathieke HIPEC chirurgen die ik graag wil bedanken voor hun enthousiaste 

ondersteuning.

Dr. J.W. van Sandick en dr. S. Vanhoutvin, beste Johanna en Steven, ik wil jullie bedanken 

voor de prettige samenwerking bij succesvol opzetten van de PERISCOPE studie. Ik 

hoop dat we ook na mijn promotie nog een vruchtbaar vervolg kunnen geven aan het 

onderzoek naar HIPEC bij patiënten met een maagcarcinoom.

Graag wil ik alle andere coauteurs bedanken voor hun individuele bijdrage aan de 

totstandkoming van dit proefschrift. Verder wil ik de maatschap Heelkunde inclusief 

alle arts-assistenten en secretaresses van het St. Antonius ziekenhuis bedanken voor de 

steun gedurende mijn promotietraject.

J.E. Oor, beste Jelmer, beste paranimf, samen hebben we aardig wat uren in de heelkunde 

onderzoekskamer van het Antonius doorgebracht, jouw humor en vrolijkheid zorgt voor 

een fijne levendigheid. Je bent iemand die duidelijk weet wat hij wil, en ik weet zeker dat 

je daarin gaat slagen. Heel veel succes met jouw promotie en je verdere carrière.

B. Steemers, beste Ben, al vele jaren zijn we bevriend, vele avonden hebben we onder 

het genot van een biertje gediscussieerd over onderzoek en vele andere zaken. Ondanks 

dat je inmiddels in Washington zelf aan het promoveren bent, ben ik blij dat wij nog 

steeds goed bevriend zijn. Dat is voor mij heel waardevol, en ik wil je bedanken dat je 

nu mijn paranimf wilt zijn.

Graag wil ik mijn ouders bedanken voor hun onvoorwaardelijke steun.

Als laatste wil ik Lotte Smedes bedanken voor haar onafgebroken waardering en liefde.
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C u r r i c u l u m  v i t a e

Hidde Josephus Willem Braam werd geboren op 27 mei 1987 in Nijmegen. In 2005 

behaalde hij zijn VWO diploma aan het Olympus college te Arnhem. In datzelfde 

jaar startte hij met de studie geneeskunde aan de Radboud universiteit te Nijmegen. 

Gedurende de geneeskunde studie groeide zijn interesse voor de chirurgie. In het laatste 

jaar van zijn studie verrichte hij een onderzoeksstage op de afdeling gastrointestinale 

chirurgie in het Radboudumc te Nijmegen. Tevens volbracht hij aldaar zijn senior 

coassistentschap bij de afdeling chirurgie. In 2012 behaalde hij zijn artsenbul met het 

afsluitende coassistentschap chirurgie in het Rijnstate ziekenhuis te Arnhem. Direct 

aansluitend startte hij met het onderzoek naar de HIPEC behandeling in het St. Antonius 

ziekenhuis te Nieuwegein, onder leiding van dr. B. van Ramshorst en dr. D. Boerma. Dit 

onderzoek heeft uiteindelijk geresulteerd in dit proefschrift. Sinds december 2014 is hij 

werkzaam als arts-assistent chirurgie in het St. Antonius ziekenhuis te Nieuwegein.
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