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Introduction 
 Peritoneal carcinomatosis(PC) occurs in 12-13% of 
patients with colorectal cancer(CRC)1-3. The majority of them 
present with unresectable PC, unfit for complete cytoreductive 
surgery(CCRS) and hyperthermic intraperitoneal 
chemotherapy(HIPEC). 

Unresectable PC from CRC has a poor prognosis, with a 
median OS of 5-6 months4-9. Currently these patients are 
treated with systemic chemotherapy. For unresectable 
metastatic CRC a median overall survival(OS) of almost 2 years 
has been reported under modern chemotherapy regimens, 
with a 5-year OS of about 13%10, but without a real chance of 
cure11,12. 
Literature data on systemic therapy for PC from CRC are 
scarce1,4,5,13-15[Table 1]. After 5-FU/leucovorin-based 
chemotherapy a median OS of 5.2-12.6 months was 
reported13,15. It is suggested that patients with PC have a longer 
survival with systemic treatment, but the available data are 
difficult to interpret, as studies often include patients with 
resectable as well as unresectable PC1,4,5,13-15 and PC often 
occurs with other metastatic sites (e.g. liver or lung 
metastases)1,4,5,16. Also, the patient’s performance status and 
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comorbidity at diagnosis probably influence treatment choice 
and outcome2,9,16. 
 This prospective observational pilot study aims to 
document the actual response rate and response 
characteristics of neo-adjuvant modern systemic chemotherapy 
in patients with initially unresectable PC from CRC, by 
laparoscopy before and after chemotherapy.  
 

Patients & Methods 
 Assessment of the extent of PC   
 This trial aims to evaluate the efficacy of neo-adjuvant 
chemotherapy with capecitabine, oxaliplatin and bevacizumab 
in patients with unresectable PC from CRC. Response to this 
neo-adjuvant therapy will be assessed by laparoscopic 
evaluation of the intra-abdominal extent of disease by the 7 
region count as described by Verwaal et al.17 and, when a 
peritoneal biopsy is considered safe, by histopathological 
examination of a PC-affected region of peritoneum. 
Unresectable PC is defined as a tumor load of more than 5 of 
the 7 regions17,18 and/or extensive involvement of the small 
bowel by PC.  
 
 Inclusion and exclusion criteria[Table S1]  
 Patients who have initially been excluded from 
CCRS+HIPEC due to their extent of disease, are eligible for this 
trial. Patients should be fit to undergo the entire course of 
treatment. Patients with systemic metastasis (lung, liver, bone 
or other extra-abdominal sites) are excluded from this trial.  
  
 Trial flowchart[Fig.S1] 
 At Step I of the trial a blood sample is taken, with CEA 
and CA19.9. Then the first laparoscopy is performed, with 
documentation of all 7 abdominal regions with digital pictures 
and a biopsy of a PC-affected peritoneum [1.5cmx1.5cm] is 
taken and a similar peritoneum area is marked with clips. For 
safety reasons, regions that are inaccessible due of tumor or 
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extensive adhesions will not be documented, but registered as 
inaccessible. These same safety considerations apply for the 
biopsy procedure. Before the start of the systemic 
chemotherapy a PET/CT is performed to search for systemic 
metastases.  
In Step II patients are administered 4 courses of systemic 
chemotherapy. 
Finally, in step III a re-evaluation of the extent of PC is 
performed with PET/CT or CT and a second laparoscopy, for 
which the same safety considerations apply as mentioned for 
Step I. 
 

Chemotherapeutic agents 
Every 3 weeks patients receive 

Capecitabine(1000mg/m² twice daily on day 1-14) and 
Oxaliplatin(130mg/m2 on day 1) with or without 
Bevacizumab(7.5mg/kg on day 1). 
In case of problematic oral intake 5-Fluorouracil(400mg/m2 in 
bolus + 600mg/m2 in infusion over 22 hours on day 1 and 2) 
and Oxaliplatin(85mg/m2  on day 1) with or without 
Bevacizumab(5mg/kg on day 1) are administered every 2 
weeks.   
 

Medical Ethics Committee[MEC] 
 The trial protocol was revised and approved by the local 
MEC of the Netherlands Cancer Institute/Antoni van 
Leeuwenhoek-Hospital and by the National Research 
Authorities. All patients gave written informed consent. 
 

Statistical considerations 
Primary objective is to assess the efficacy of neo-

adjuvant chemotherapy in reducing the number of regions 
affected from >5 regions to ≤5 regions.  Because experience 
with the proposed chemotherapeutic regimen already exists 
and this regimen will also be given in case the patient is not 
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operable, a one-stage design (rather than a two-stage design) is 
considered to be most efficient and practical.   
The highest response proportion which, if true, would imply 
that the treatment does not warrant further investigation, is set 
at 20%. The smallest proportion that would imply that the 
treatment has potential and will be investigated further is set at 
40%. The hypothesis will be tested at α=0.05 and a 90% power. 
Applying the method of A’Hern, a sample size of 47 (evaluable) 
patients is needed with 15 being the minimum number of 
responses required for a conclusion of ‘efficacy’19. 
 

Results 
Patient and tumor characteristics[Table 2] 
Eventually, 10 patients were included into the trial: 7 

male and 3 female patients, with a median age of 
60.3years[45.6-72.8years]. Median ASA score was 2[range1-3], 
7 patients had an ECOG performance status(PS)20 of 0 and for 3 
patients the PS was 1. Eight patients previously underwent 
laparotomy. In 50% of the patients the primary tumor was 
localized in the left colon. The pGTNM-data of the primary 
tumor are listed in Table 3. Forty percent of patients had a 
mucinous cell type. For all patients PC was already present at 
diagnosis of the primary tumor. In one patient both the primary 
tumor and the PC had been resected 28 months ago and this 
patients now presented with recurrent PC. The median time 
interval between the diagnosis of the primary tumor and 
inclusion into this trial was 2.1months[range 0.0-28.0months]. 
In half of the patients the primary tumor was still in situ at trial 
inclusion. 

 
Peroperative findings before and after neo-adjuvant 
chemotherapy[Table 3] 

 All patients included had histopathological proof of PC 
from CRC.  The median CEA-value at inclusion was 
11.5µg/L[range1.0-256.0 µg/L].  
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Trial Step I 
In 9 patients PET/CT showed PC without systemic metastases. 
In 7 of them laparoscopy showed 6-7 abdominal regions as well 
as the small bowel were affected by PC. In 2 patients the pelvis 
was inaccessible for assessment. For 2 patients extensive 
invasion of the small bowel was the main reason for 
unresectability. One of them had an inaccessible right 
hemiabdomen. In 8 patients a peritoneal biopsy could be taken, 
showing adenocarcinoma in 7 patients and mucus without cells 
in 1 patient. However, in this latter patient, the primary tumor 
was proven to be a moderately differentiated adenocarcinoma 
of the transverse colon. 
For logistic reasons, PET/CT could only be performed after 
laparoscopy in patient G. Unfortunately, liver metastases were 
found. Hence, this patient was excluded from the trial and 
started on palliative chemotherapy. Patient I developed a small 
bowel perforation during laparoscopy, resulting in a 
postoperative enterocutaneous fistula. She was also excluded 
from the protocol and, after recovery from this complication,  
started on palliative chemotherapy[5-
FU/leucovorin/oxaliplatin]. 

Trial Step II 
Of the 8 patients that went on to neo-adjuvant chemotherapy, 
4 received capecitabine/oxaliplatin with bevacizumab, whereas 
4 received only capecitabine/oxaliplatin. Seven patients 
received 4 courses of chemotherapy, with dose reduction due 
to chemotoxicity in 6 patients. In patient H the systemic 
therapy was stopped after 2 courses, because of clinical disease 
progression with bowel obstruction. An early CT scan showed 
liver metastasis, enlarged mediastinal lymph nodes and 
progression of the PC. This patient died shortly after trial 
discontinuation.  

Trial Step III 
After neo-adjuvant chemotherapy the median CEA-value was 
13.0µg/L[range 2.0-156.0µg/L]. For patient B the second CT 
scan showed evident progression of the PC. Therefore, no 
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second laparoscopy was performed. In the other 6 patients, 
who completed the neo-adjuvant chemotherapy, second 
PET/CT or CT showed stable disease in 3 and suggested slight 
regression of PC in the other 3. At second laparoscopy all 6 
patients had PC in 6-7 abdominal regions as well as extensive 
small bowel involvement: PC had remained stable in 2 patients 
and progressed in 4 patients. The subhepatic space was 
inaccessible in 2 patients and the pelvis in 1 patient. For safety 
considerations peritoneal biopsies were only taken in 3 
patients: 2 showed adenocarcinoma and 1 only showed mucus. 
It should be mentioned that patient I was found to have 
progressive PC disease at laparotomy outside of protocol, in 
spite of the palliative chemotherapy she had received. 
As an example, Fig.1 shows intra-operative laparoscopic views 
of the seven abdominal regions in 2 different patients before 
and after chemotherapy. The histopathological image of the 
peritoneal biopsies taken in patient A show a mucinous tumor 
in which cellularity almost disappeared after chemo, whereas in 
patient C chemotherapy barely changed the tumor’s 
cellularity[Fig.2]. 

Trial closure 
Because no response to chemotherapy could be demonstrated 
in either of the included patients, further inclusion of patients 
into this trial seemed unethical.  
 

Discussion 

About 12-13% of patients with CRC develop PC in the 
course of their disease1,4.  
Resectable PC can be treated with CCRS+HIPEC, resulting in 5-
year OS rates of ≤50%21-29. But the majority of patients with PC 
present with unresectable disease4,16, which has a median OS of 
only 5-6 months4-9[Table 1].  

Currently, systemic chemotherapy is considered the 
only available treatment option for these patients. Under 
modern chemotherapy regimens, literature reports a median 
OS of 23.9 months and a 5-year OS of 13% for metastatic CRC 
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11,12. It is difficult to determine whether this finding for 
metastatic CRC in general also applies to the local phenomenon 
of PC.  

Neo-adjuvant chemotherapy is accepted as a down-
sizing technique for 

initially unresectable systemic metastases from CRC, especially 
liver metastases30-37, with response rates as high as 50%32. 
Conversion to resectability occurs in 10-20%31,32,34-36, resulting 
in 5-year OS rates of 30-40%31. At present, literature data on 
the efficacy of (neo-adjuvant) systemic chemotherapy on PC 
are scarce and difficult to interpret. Three important remarks 
should be made:  

First, Elias et al. performed a multicentre retrospective 
study on selected patients with resectable colorectal PC treated 
with palliative chemotherapy in order to compare their 
outcome with that of patients with a comparable extent of PC 
undergoing CCRS+HIPEC. Median survival was 23.9months in 
the chemotherapy-group versus 62.7months in the HIPEC-
group10.  Yet, this is a highly selected patient group with limited 
PC. Literature on systemic chemotherapy is far less optimistic, 
when patients with resectable and unresectable PC are 
combined in one trial: The randomized controlled trial by 
Verwaal et al. reports a disease-specific survival of 12.6months 
for this patient population14 and an analysis by Koppe et al. 
reports a median survival of 5.2-12.6months after 5-FU/LV-
based chemotherapy13. For unresectable PC results are even 
worse. A retrospective analysis by Hompes et al. showed a 
median OS of 6.3months [range 0.4-33.1months] for these 
patients, with a median OS of 9.3months[0.9-33.1months] after 
chemotherapy versus 3.1months[range 0.4-6.5months] without 
chemotherapy9. A retrospective analysis by Pelz et al15 reported 
comparable findings, with median OS of 5.0months without 
chemotherapy versus 11.0months after 5-FU/LV and 
12.0months under modern chemotherapy regimens. 

Second, the patient’s general condition as well as the 
extent of PC at diagnosis have a significant influence on the 
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choice of treatment and it’s outcome.  The importance of the 
patient’s PS as a clinical predictive factor was shown by 
Folprecht et al.17 as well as Köhne et al.16.  A systematic review 
by Stillwell et al.38 showed PS, age and ASA-score, as well as 
postoperative morbidity and mortality after palliative surgery 
are important prognostic factors for OS in patients with stage IV 
CRC and unresectable metastases. This coincides with the 
analysis by Hompes et al., which shows a significant correlation 
between survival and the patient’s age, ASA-score and 
complications after palliative surgery9. In Pelz’s study treatment 
differed significantly for different extents of PC15: patient’s who 
didn’t receive chemotherapy had a high tumor load more often. 
Also, patients with a low tumor load initially showed a tendency 
toward benefit from chemotherapy, but after 3 years there was 
practically no difference in survival for different extents of 
disease. The best results with chemotherapy were reached in 
patients with low tumor load and in patients with PC only (i.e. 
without systemic metastases) 15. There are several Indications 
that PC as a local phenomenon has a higher influence on OS 
than systemic dissemination5,9,15. The EVOCAPE1-trial showed 
that PC is a foremost cause of disease-specific mortality in 
patients with metastatic colorectal cancer5 and Pelz et al. 
stated that the biologically aggressive nature of PC impairs the 
functional status of patients to an extent that makes them only 
eligible for best supportive care15. 

Third, the difficulty of PC assessment lies in the inability 
to image sub-centimetric lesions and assess tumor response on 
the RECIST-criteria. This leaves this subgroup of patients with 
stage IV CRC without any appreciable evidence of disease and 
treatment response cannot be accurately documented or 
monitored15. Thus, retrospective evaluation of PCI is difficult. 
Therefore, Pelz et al. used the terms “low”, “moderate” and 
“extensive” to describe the tumor burden, analog to the 
PCI15,39. Still, this remains an estimation of the extent of PC. The 
only reliable tool that is currently available to assess extent of 
PC is laparoscopy.  
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This observational pilot study provides the first 
prospective assessment of the evolution of unresectable PC 
from CRC under modern systemic chemotherapy. Laparoscopy 
was performed to assess the extent of PC before and after 
combined chemotherapy with capecitabine/oxaliplatin with or 
without bevacizumab. All included patients had a good PS and 
ASA-score at PC diagnosis. One patient had to be excluded 
because of systemic metastases. Of the 9 patients that 
proceeded within the trial protocol, 2 developed early 
progressive disease, whereas 2 had macroscopically stable 
disease, 4 had progressive disease at laparoscopy and 1 patient 
had proven progressive disease at laparotomy after palliative 
chemotherapy outside of protocol. In other words, 78% of 
patients had progressive disease under chemotherapy and 22% 
had stable disease. No clear macroscopic response to 
chemotherapy could be demonstrated[Table 3].  
Of course, the small number of patients is an important 
shortcoming of this trial, but we felt further inclusion of 
patients into the trial would be unethical, given the complete 
absence of response. Furthermore, despite the good PS of all 
patients at the start of chemotherapy, the majority of them 
completed their systemic chemotherapy with dose reduction, 
which indicates that PC has a substantial influence on the 
patient’s functional status. Finally, for safety reasons, 2 
important concessions were done on the trial protocol: One is 
that all 7 abdominal regions were not always fully accessible for 
macroscopic assessment. Nevertheless, PC unresectability 
criteria were met in all cases, so this fact does not affect 
outcome. The other concession is that peritoneal biopsies could 
often not be taken. Biopsies before and after chemotherapy 
could only be compared in patient A and C: Patient C showed 
no obvious microscopic response to the chemotherapy. In 
patient A, who had a mucinous adenocarcinoma, cellularity 
almost disappeared after chemotherapy, but at laparoscopy 
there was even a slight macroscopic progression of PC and this 
patient died of his disease[Fig.2]. Whether patients with this 
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cell type might benefit more from chemotherapy cannot be 
determined from this small trial: 4 patients had a mucinous 
type of PC, 3 of whom died, with a survival that ranges from 6.3 
tot 16.8months. 
 In conclusion, PC, which is a local phenomenon, does 
not seem to respond well to systemically administered 
chemotherapy.  Trial inclusion was discontinued, because none 
of the included patients showed macroscopic response to the 
chemotherapy. None of the patients was the PC rendered 
resectable under chemotherapy. 
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Table 1: median OS after systemic therapy for PC of CRC 
 

LITERATURE PATIENT POPULATION TREATMENT OUTCOME 

Author 
Journal 

year 

Type 
of study 

N  
Total 

N  
PC 

from 
CRC 

Patients 
with 

synchronous 
systemic 

Metastases 
also 

included? 

Surgery Chemotherapy Median OS 
(months) Resection Explorative 

surgery + 
biopsy  

or 
Palliative 
surgery 

N patients  regimen 

Chu
4 

Cancer 
1989 

Prospective 100  45 yes 44* 56* “majority”
 15

 5-FU/LV
15

 6 

Sadeghi
5 

Cancer 
2000 

Prospective 370  118 yes 144* 226* 97 5-FU/LV 
or 

5-FU/oxaliplatin 

5.2 

Jayne
1 

BJS 
2002 

Retrospective 3019 392 yes 157 50 ns ns 7 

Verwaal
14 

JCO 
2003 

Prospective 105 103 no 49 
(debulking  
+ HIPEC) 

ns 77 5-FU/LV 
(or irinotecan if 5-
FU/LV was given 

within 1 year before 
inclusion) 

12.6** 

N = number, PC = peritoneal carcinomatosis, CRC = colorectal cancer, ns = not specified 
*not specified how many of these patients had PC from CRC 
** survival in the standard arm (systemic therapy +/- palliative surgical procedure 
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Table 2: patient and tumor characteristics 
 

N=10 patients 

Male/Female 7/3 

Median age at inclusion 60.3 years [range 45.6-72.8 years] 

Patient’s general condition ASA-score                                                              1 
2 
3 

4 
3 
3 

ECOG PS                                                                 0 
1 

7 
3 

Primary tumor Localization                                            Appendix 
Right colon 

Left colon 
Rectosigmoid 

Rectum 

4 
1 
1 
3 
1 

G-stage                                                                G2 
Gx 

2 
8 

T-stage                                                                 T3 
T4 
Tx 

1 
4 
5 

N-stage                                                                N1 
Nx 

3 
7 

Cell type                                          Mucinous type 
Signet cells 

4 
1 

In situ at inclusion 5 

Peritoneal Carcinomatosis (PC) Synchronous 10 

Previous PC?* 1 

Interval between diagnosis of PC and inclusion 2.1 months  
[range 0-28.0 months] 

*one patient had a medical history of primary CRC and PC, which was resected earlier:  
this patient was now included into this trial with recurrent PC. 
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Table 3: peroperative findings before and after neo-adjuvant chemotherapy  
 

Patient Age 
(years) 

Male 
(M) 
Or 

Female 
(F) 

Reason for unresectability 
(a=PC in 6-7/7 abdominal 
regions, b=extensive small 

bowel invasion) 

Neo-adj. 
chemo 

Response 
on 

PET/CT 
or CT? 

Response at 
Laparoscopy? 

Stable 
disease 
(SD) or 

progressive 
disease 

(PD) 

Trial 
STOP 

Cancer-
related 
Death 

 

A 68.7 M a,b Capox/BV 1
#
 0 PD No 1 

B 52.9 M a,b Capox 0 NA*** PD No 1 

C 45.6 M a,b Capox/BV 1 0 SD No 0 

D 62.5 F a,b Capox/BV 0 0 SD No 0 

E 58.2 M b Capox/BV 1 0 PD No 1 

F 72.8 M a,b Capox 0 0 PD No 1 

G 63.5 F a,b Palliative 
chemo 

NA NA NA Yes* 0 

H 52.7 M b Capox 0 NA*** PD No 1 

I 49.8 F a,b Folfox NA NA PD Yes** 0 

J 65.2 M a,b Capox 1 0 PD No 0 
Capox=capecitabine/oxaliplatin, Fofox=5-FU/leucovorin/oxaliplatin, BV=bevacizumab 
NA=not applicable 
*: due to circumstances PET/CT was performed after laparoscopy: trial stop because of liver metastases 
**: trial stop because of small bowel perforation at laparoscopy: extensive PC 
***: laparoscopy not performed because of clinical progressive disease (ileus) and systemic metastases/progressive disease on CT 
#
: slight response on PET, but slight progression CT 
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Table S1: Inclusion and Exclusion criteria 
 

Inclusion criteria Exclusion criteria 

* Primary tumor: histologically proven adenocarcinoma in 
appendix, colon or rectum, which can be considered the 
primary tumor related to the PC, which is still present at 
inclusion or has been previously resected.  
 
* Intraperitoneal disease: unresectable PC (i.e. PC in more 
than 5 of the 7 abdominal regions and/or extensive 
involvement of the small bowel by PC) of colorecal origin, 
proven by biopsy.  
 
* patients: 
- 18 years or older. 
- WHO performance status 0 or 1. 
- fit to undergo major surgery as well as chemotherapy. 
- life expectancy > 4 months without therapy. 
- written informed consent, obtained before inclusion into 
th trial. 
- normal bone marrow function (i.e. leucocytes> 2000/l  
(neutrophyl granulocytes >1.8) and  thrombocytes> 
80,000/l)  
and Hemoglobin≥ 5 mmol/l. 
- bilirubin < 2.5 times the normal upper limit. 
- ASAT and ALAT < 2.5 times the normal upper limit. 
- normal creatinine-values and a negative urine dipstick-test 
for  
proteins. 
 

- Symptoms of bowel obstruction (in case of bowel obstruction symptoms bypass 
surgery or construction of an ostomy stoma is needed before inclusion into the 
study). 

- Extra-peritoneal, systemic disease on CT thorax/abdomen. Liver, lung and bone 
metastases are considered sytemic disease. 

- Bleeding diatheses or coagulopathy. 
- Medical history of CVA or TIA, uncontrolled hypertension, instable angina 

pectoris, myocardial infarctian within 6 months before inclusion, congestif heart 
failure NYHA class II or higher, arhythmia. 

- Instable or uncompensated respiratory disease. 
- Neuropathy in the medical history. 
- Pregnancy or lactation. Fertile patients who do not use birth control medication. 
- Previous or concomitant malignancies in the past 5 years, other than non-

melanoma skin cancer or carcinoma in situ. 
- Active infection. 
- Chemotherapy with oxaliplatin of fluorouracil within 1 year before inclusion, 

progressive disease under oxaliplatin or fluorouracil at any point in time before 
inclusion, any previous major toxicity under one or more chemotherapy agents 
used in this protocol.  

- Short bowel syndrome.  
- Surgery within 3 months before inclusiobn, which lead to an abdominal sepsis or 

fistulisation (in case of fistulisation patients must have a stable situation of at 
least 3 months, without signs of active infection or abscess). 

- Previous complete cytoreductive surgery and HIPEC (CCRS+HIPEC) and/or surgery 
leading to an anatomical situation in which  CCRS+HIPEC are impossible. 

- Current therapy with another study agent.  
 



 

47 

 

Fig.1: digital pictures of PC in the 7 abdominal regions before and after neo-adjuvant chemotherapy 

(Laparoscopic views from patient A and J before and after systemic chemotherapy) 
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Fig.2: histopathology of PC from CRC before and after chemotherapy (patient A and patient C) 
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Fig.S1: trial flowchart  
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