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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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