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Introduction 

Colorectal cancer is the third most common cancer in the world for men, 
with 663,000 new cases each year (10% of all cancers)1. It is the second 
most common cancer for women with 571,000 new cases each year (9.4% of 
cancers)1. As such, it is a disease with great implications on a global level. In 
Sweden, its prevalence has been increasing since the 1970s; fortunately, 
mortality in this disease has been decreasing over the same time period1.  

While there are good epidemiological registries for colorectal cancer, 
mortality and prevalence figures for colorectal cancer with peritoneal metas-
tases (PM) are scarce. There are now three large population-based studies 
investigating the prevalence of colorectal PM2–4. The results are detailed in 
the table. Approximately 2.7% of all colorectal cancer have isolated syn-
chronous PM at the time of diagnosis. These patients are potential candidates 
for cytoreductive surgery (CRS) and intraperitoneal chemotherapy (IPC). 
Only one of these studies (Segelman et al.) reports epidemiological data on 
metachronous PM from colorectal cancer. One may expect another 1.6% 
from the total population of colorectal cancer. This results in an estimated 
4.3% of colorectal cancer cases that could be potential candidates for CRS 
and IPC treatment. In Sweden, where the incidence of colorectal cancer is 
approximately 6,000/year, the number of potential candidates would be ap-
proximately 260/year5. 
 

Prevalence of colorectal peritoneal metastases 
 Lemmens et al 

n=18,738 
Jayne et al 

n=3,019 
Segelman et al 

n=11,124 
Summary 
n=32,881 

 
Synchronous colorectal PM 

with systemic metastases 
without systemic metastases 

n (%) 
905 (5) 
509 (3) 
395 (2) 

n (%) 
214 (7) 
89 (3) 

125 (4) 

n (%) 
477 (4) 
119 (1) 
358 (3) 

Mean 
4.9% 
2.2% 
2.7% 

Metachronous colorectal PM 
with systemic metastases 

without systemic metastases 

N/A 
N/A 
N/A 

135 (4) 
N/A 
N/A 

447 (4) 
270 (2) 
177 (2) 

4.1% 
2.4% 
1.6% 

 
Several years ago, colorectal PM was considered a terminal illness and a 

generalised form of cancer. Patients were offered palliative chemotherapy. 
According to Klaver et al’s population-based study (the same patients as in 
the prevalence study by Lemmens et al detailed in the table), the median 
survival of patients with isolated colorectal PM treated with systemic che-
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motherapy has increased slowly from 11 months (1995-2000) to 13 months 
(2000-2004) to 19 months (2004-2008)6. The four-year overall survival re-
ported was still dismal at just above 10% regardless of time-period. Fur-
thermore, when including all patients with isolated colorectal PM (even 
those not receiving systemic chemotherapy), the overall survival had not 
changed at all over time for this patient group. While systemic chemotherapy 
may have a short-term effect, few patients are ever cured and the long-term 
survival remains bleak. 

The relatively new treatment option of CRS and IPC for colorectal PM is 
still under investigation and while some contention remains, its use has 
grown considerably over the last few years. This thesis intends to further 
examine this area of research, as several studies have shown a potential for 
long-term survival and cure in this illness which was previously considered 
generalised and terminal. 

 

 
This is a picture of extensive metastatic disease to the right diaphragmatic peritoneum 

which has been mobilised from the muscle of the diaphragm. The liver can be seen un-

der the surgeon’s hand in the abdomen. The patient’s head is to the right and legs to the 

left of the picture. Picture taken at the Uppsala University Hospital. 
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2 Background 

2.1 Peritoneal metastasis 

Defining peritoneal surface malignancy 
Peritoneal surface malignancy (peritoneal carcinomatosis) is a malignant 
disease of the peritoneum and it may be primary or secondary. Primary peri-
toneal surface malignancy is a rare form of cancer that originates from the 
peritoneal tissue, such as mesothelioma. Secondary disease, known as peri-
toneal metastases (PM), is a much more common form of peritoneal surface 
malignancy and occurs when a malignant tumour metastasises to the perito-
neal surface. Gastrointestinal and gynaecological malignancies are the most 
common tumours that will metastasise to the peritoneum. This metastatic 
form of cancer mainly occurs in two ways. Tumour cells may exfoliate into 
the peritoneal cavity due to transserosal growth of the primary tumour7 or the 
cells may be dispersed during surgery from transected lymph nodes, blood 
vessels, or manipulation of the primary tumour8,9. Haematogenic metastasis 
to the peritoneum does occur but is uncommon.  

The anatomy of the peritoneum 
The peritoneum is a serous membrane composed of a layer of mesothelium 
with an underlying thin layer of connective tissue (Figure 2.1). It lines the 
inside of the abdominal wall (parietal peritoneum) and covers most of the 
intra-abdominal organs (visceral peritoneum). There are two main peritoneal 
compartments within the abdominal cavity (Figure 2.2) – the greater sac 
(general abdominal cavity) and the lesser sac (bursa omentalis). These two 
compartments communicate with each other through the foramen of winslow 
(foramen epiploicum).  
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Figure 2.1 – The peritoneum is marked in red. Gray’s Anatomy 1918. 

The treatment history of peritoneal metastases 
Previously, once cancer had spread to the peritoneum, the disease was con-
sidered systemic or generalised with no hope of cure. Treatment was aimed 
at alleviating symptoms such as malignant ascites, obstruction or pain. 

Surgical treatment to alleviate symptoms was only implemented when 
bowel obstruction occurred and not as a means for cure. During the 1970s 
and 1980s, debulking surgery started to come into use for tumours that were 
less malignant and where survival could be prolonged. PM from ovarian 
cancer10, testicular cancer11 and pseudomyxoma peritonei12 are three exam-
ples of tumours that were sometimes debulked for improved survival. 

Chemotherapy treatment of PM has a longer history. A blood/peritoneal 
barrier exists where the uptake of intraperitoneal fluid into the bloodstream 
is filtered in various ways. Research concerning the blood/peritoneal barrier 
goes back as far as 189513 and it has been investigated extensively since then 
due to the use of peritoneal dialysis. However, it was not until the 1970s that 
pharmacokinetics and intraperitoneal chemotherapy were investigated sys-
tematically with pharmacokinetic models14. Despite this, injections of che-
motherapeutic agents into the peritoneal cavity started during the first half of 
the 20th century. The treatment was mainly used for palliating malignant 
ascites15. Thio-TEPA was one of the first drugs used in this manner15. Later, 
5-fluorouracil (5-FU) was developed and several indications for its use were 
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established, among them the intraperitoneal chemotherapy (IPC) treatment 
of malignant ascites. Three to four grams of 5-FU was instilled directly into 
the abdomen intraperitoneally15,16.  

In the 1950s and 1960s, a new experimental technique was developed 
where loco-regional chemotherapy was administered in the form of extra-
corporeal perfusion treatments17,18. Around the same time, hyperthermia and 
hypothermia were investigated for their cell destructive or protective proper-
ties19,20. This resulted in loco-regional perfusion treatments combined with 
hyperthermia first on dogs21 and then on humans18,22 using chemotherapy 
drugs such as cytotoxan and A139. In contrast to IP injections, these treat-
ments were performed by isolating the arterial and venous circulation to the 
abdomen (primarily using the mesenteric superior artery and vein) and per-
fusing through them18. The aim of these treatments was palliation, more spe-
cifically the palliation of malignant ascites or pain. 

The development of modern intraperitoneal chemotherapy 
A renewed interest in loco-regional IPC developed during the 1970s and 
early 1980s. Based on information from the earlier studies on hyperthermia 

Figure 2.2 – The peritoneum covers two cavities within the abdomen, the 
greater abdominal cavity (red) and the bursa omentalis (blue). Gray’s 
Anatomy,1918. 
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and extracorporeal perfusion mentioned above, Spratt and colleagues per-
formed a canine experiment using an extracorporeal perfusion system with 
hyperthermia that perfused the peritoneal cavity instead of the arterial and 
venous perfusions mentioned earlier23. Furthermore, as the penetration of 
chemotherapy through the peritoneum is limited24, it was recognised that this 
hyperthermic perfusion should be used in connection with cytoreductive 
surgery (explained further below) where the macroscopic tumour is resected 
and the residual microscopic disease can then be treated with the hyperther-
mic perfusion25. Since 1980, this hyperthermic perfusion of the intraperito-
neal cavity has developed into what is known as HIPEC (hyperthermic in-
traperitoneal chemotherapy). Other methods of IPC have been developed 
over the same time period, and these will be discussed later. 

The development of modern surgical treatment of PM 
Previously, debulking surgery was not considered a technique for achieving 
the radical removal of all tumour tissue, but rather as a way to reduce the 
sheer volume of tumour tissue. However, Paul Sugarbaker at the Washington 
Cancer Institute, hypothesised that peritoneal surface malignancy could per-
haps be thought of as a loco-regional disease that is not generalised or sys-
temic. This new paradigm came from the experience that certain types of 
peritoneal surface malignancies, such as pseudomyxoma peritonei, rarely 
spread haematogenously. In conjunction with IPC, he proposed that macro-
scopic removal of all tumour tissue combined with IPC might be able to cure 
patients of their PM disease. For this purpose, he developed different peri-
tonectomy procedures that were used not just to debulk but to macroscopi-
cally remove all visual tumour tissue26. This aggressive form of debulking 
surgery has now come to be known as cytoreductive surgery (CRS). This 
form of surgery has also lead to a new understanding of the peritoneum, 
where it is considered an organ with natural barriers to invasive growth in 
much the same way as the liver is viewed. 

Some of the first publications reporting safety results using the CRS and 
HIPEC method came during the late 1980s and early 1990s27–29. Fujimoto 
and colleagues produced the first diagnosis-specific results from gastric can-
cer in 198830. Closely thereafter, early small-scale feasibility and/or efficacy 
studies were published on pseudomyxoma peritonei31, ovarian32, colorectal33, 
and malignant mesothelioma34 tumours. During the past 10 years, research in 
each area has grown and there is now consensus that CRS and HIPEC is the 
treatment of choice for pseudomyxoma peritonei35 and malignant abdominal 
mesothelioma36. Debate is still ongoing, however, concerning the treatment 
of colorectal PM with CRS and HIPEC, which is the main focus of this the-
sis. 
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2.2 Colorectal cancer 

Overview of colorectal cancer pathogenesis 
Colorectal cancer (CRC) arises due to mutations in the DNA of the epithelial 
cells in the lining of the colon or rectum. Some mutations may be genetically 
inherited while most are acquired through various environmental factors. At 
some point in time, these mutations create conditions that make the uninhibi-
ted growth of some cells possible, causing polyps in the epithelial lining of 
the bowel wall. In time these polyps may gain more genetic alterations that 
can make them grow invasively and therefore become a malignant can-
cer37,38. CRC has been a part of the human disease panorama for many years. 
The oldest histological diagnosis of CRC was made by Zimmerman in an 
Egyptian mummy of the Ptolemaic period (200-400 BC) with a carcinoma of 
the rectum39. Early surgical treatments for primary CRC have been published 
since the end of the 19th century40,41. Since that time, many improvements in 
the treatment of colorectal cancer have been developed.  

The treatment of metastatic colorectal cancer 
Surgical treatment for localised CRC has existed since the end of the 19th 
century and with chemotherapy (and radiation in rectal tumours) the progno-
sis of localised CRC has improved greatly42. However, metastatic CRC still 
represents a therapeutic challenge. Patients can present in one of two ways. 
Either the cancer has spread at the time of diagnosis (synchronous metasta-
ses) or it recurs during the follow-up period after the primary treatment 
(metachronous metastases). There are four main sites for CRC metastases – 
lymph nodes, liver, lung and peritoneum. There are early reports of the sur-
gical treatment of CRC liver metastasis from the 1940s43. Systematic reports 
became more widespread during the 1960s and 1970s44,45. Currently, CRC 
liver metastases are usually considered for surgical treatment sometimes 
with peri-operative chemotherapy as a part of established healthcare routines 
in Sweden as in many other countries46. Isolated lung metastases are not as 
common as liver metastases, but are also treated surgically in many circum-
stances47. 

CRC with metastases to the peritoneum, colorectal PM, used to have a 
notoriously poor prognosis with a median survival of between 4 and 7 
months depending on disease extent at diagnosis2. This form of metastasis 
was considered terminal and no surgical treatments were offered other than 
palliation of bowel obstruction (see section “Treatment history of peritoneal 
metastases” above). Until the recent use of CRS and HIPEC for colorectal 
PM, the main treatment option for prolonging survival was systemic chemo-
therapy. In two recent small retrospective studies with systemic treatments of 
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isolated colorectal PM, the median survival was 16.8-23.9 months48,49. How-
ever, the long-term results are still disappointing, with a five-year survival 
rate of only 6 to 13%. One population-based study of isolated synchronous 
colorectal PM showed that the median overall survival (2004 -2009) was 19 
months with a 4-year survival of around 10%6. This is consistent with the 
prognosis of advanced colorectal cancer in general with median survival of 
17.9-23.9 months and a five-year survival rate of 3-10%42,50. New research is 
being published and there is now growing evidence that a shift in treatment 
for colorectal PM should be made from systemic chemotherapy to CRS and 
HIPEC. However, the scientific evidence is still somewhat weak and to date 
there is only one randomised control trial showing improved survival in pa-
tients treated with CRS and HIPEC versus systemic chemotherapy alone51. 
This scarcity underlines the importance of rigorous reporting from those 
centres performing CRS and HIPEC. 

2.3 Cytoreductive Surgery 

The technique 
As described earlier, CRS is a relatively new development in the surgical 
treatment of advanced abdominal cancer. The general consensus has been 
that this technique should only be used in patients with no haematogenic, 
extra-abdominal or retro-peritoneal lymph node metastases52. Briefly, peri-
tonectomy is performed using 200-300W diathermia for maximal tumour 
destruction26. This technique involves the stripping of only disease-affected 
peritoneal layers from the abdominal wall, diaphragm, or pelvic walls. This 
results in several different peritonectomy procedures: right parietal peri-
tonectomy (including the right iliac fossa), left parietal peritonectomy (in-
cluding the left iliac fossa), right diaphragmatic peritonectomy, left dia-
phragmatic peritonectomy, and pelvic peritonectomy. The CRS procedure is 
most often combined with a total greater omentectomy as tumour nodules 
are hard to detect in this tissue. If viscera are affected they are removed 
whenever possible, for example by means of cholecystectomy, splenectomy, 
hysterectomy, salpingo-oophorectomy, and all forms of hollow organ resec-
tions including rectal resections. If the surface of the liver is affected it is 
vaporised with diathermia. Nodules on the mesenterium, hepatoduodenal 
ligament, omentum minus, Gerota’s fascia, or bursa omentalis are locally 
resected or vaporised with diathermia. 

The aim of the surgery is to achieve complete macroscopic removal of all 
visible diseased tissue. This is sometimes not possible due to disease in-
volvement of visceral organs. The most common failure site is the small 
bowel. If too much small bowel is affected then success is not possible with-
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out risking short bowel syndrome. Other failure sites are extensive retro-
peritoneal growth along the vena cava or aorta, pancreatic growth, deep liver 
hilum growth, or invasive diaphragmatic or pericardial growth. 

Surgical scores 
Three different scores are commonly connected with the CRS procedure: 
prior surgical score, the peritoneal cancer index, and the completeness of 
cytoreduction score53. The prior surgical score (PSS) is a measure of the 
amount of surgical trauma prior to the CRS procedure, described by dividing 
the abdomen into 9 regions. A score of 0 means no surgical trauma or only 
biopsy, while 1 means minimal surgery involving 1-2 regions. A score of 2 
means dissection has been performed in 3-5 regions of the abdomen and a 
score of 3 means dissection has been performed in >5 regions. The perito-
neal cancer index (PCI) is a semi-quantitative measure of the tumour burden. 
The abdomen is divided into 13 regions and each region can have a score of 
0 to 3 depending on the lesion size (Figure 2.3). Therefore, the top score is 
39. Lesion size 0 means no visible tumour; 1 means nodules up to 0.5cm; 2 
means nodules up to 5cm, and 3 means nodules>5 cm. An important aspect 
of PCI is that it can only be calculated after a full surgical exploration. The 
completeness of cytoreduction score (CC score) is the surgical result of the 
CRS. A score of 0 means there is no visible remaining disease. This is also 
referred to as an R1 resection, which is a macroscopically complete resection 
but not microscopically complete. A CC score of 1 means there are remain-
ing nodules < 0.25cm in size; 2 means between 0.25cm and 2.5 cm, and 3 
means remaining nodules > 2.5 cm. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 2.3- This figure details the 13 regions of the peritoneal cancer 
index. The figure is an original from Dr. Sugarbaker and is published 
with his consent. 
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2.4 Intraperitoneal chemotherapy 

The rationale for intraperitoneal chemotherapy 
One main advantage of intraperitoneal chemotherapy (IPC) over intravenous 
administration is the dose difference that can be achieved. This is possible 
due to the blood/peritoneal barrier, which regulates the transport of macro-
molecules from the peritoneal space to the blood.54–56 This diffusion barrier 
provides a pharmacokinetic advantage where the area under the curve 
(AUC) in the peritoneal concentration is much greater than in the resulting 
plasma concentration. This ratio (AUC peritoneal/AUC plasma) can range 
from 8 to 1000 depending on the drug.57 This makes it possible to administer 
much higher concentrations IP than intravenously (IV) without an increased 
risk of systemic toxicity. 

A second important advantage with IP administration compared to IV is 
the chemotherapy penetration of tumour nodules. IPC offers better penetra-
tion of the periphery of the tumour nodules where the blood supply is poor58. 
However, this penetration is limited to 1-2 mm58, highlighting the impor-
tance of a successful cytoreduction, as tumour nodules greater than 1-2 mm 
may not be adequately treated with intraperitoneal chemotherapy alone. Re-
cently, the fact that IP and IV administrations can each reach different areas 
of the tumour nodule has been exploited by employing bidirectional treat-
ment approaches where IP and IV administrations are combined.59 

Lastly, hyperthermia is a unique feature of IPC treatment, specifically the 
HIPEC method, which is explained further below. Hyperthermia has been 
tested preclinically both in an in vitro model of cell cultures and in animal 
studies.60,61 Evidence from these studies suggests that hyperthermia enhances 
the cytotoxic effects of certain chemotherapeutic drugs. Particularly interest-
ing is a 5-arm study with rats conducted by Pelz et al. Hyperthermia alone 
and chemotherapy alone (mitomycin C) gave similar positive results com-
pared to control groups (positive and negative controls), but the combination 
of chemotherapy and hyperthermia produced a significant synergistic effect 
with the best results. Hyperthermia is also known to have a certain cytotoxic 
effect in itself and to reduce tumour interstitial pressure which can enhance 
the uptake of chemotherapeutic drugs.62,63 So far, no randomised trial has 
been conducted to prove its clinical efficacy as part of HIPEC treatment in 
humans. A description of the different IPC treatment methods currently in 
use is given below. 

Early postoperative intraperitoneal chemotherapy 
Early postoperative intraperitoneal chemotherapy (EPIC)64 is a normother-
mic administration of intraperitoneal chemotherapy given postoperatively. It 
is usually given daily directly after surgery for 5 or 6 days and the most 
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common drug used is 5-FU. EPIC has also been used in combination with 
hyperthermic intraperitoneal chemotherapy (HIPEC), but this combination is 
not as common due to the increased risk of postoperative complications, 
such as enterocutaneous fistulas65. 

Sequential postoperative intraperitoneal chemotherapy 
Sequential postoperative intraperitoneal chemotherapy (SPIC)66 is similar to 
EPIC in that the first course of treatment is given postoperatively within 7 
days. The treatment is then repeated at 4 to 6 week intervals as an adjuvant 
IPC treatment for 6 months66. The advantage with SPIC is that it is a loco-
regional adjuvant treatment of PM, hopefully preventing recurrences in the 
abdomen. Since all the chemotherapy will be cleared through the blood and 
then urine, it also functions systemically as a slow drug release mechanism. 
As this treatment is similar to systemic treatment, the same choice of drugs 
applies. For colorectal PM, the primary drug used in SPIC is 5-FU66. This 
form of IPC has several disadvantages such as problems with catheter mal-
function and drug distribution.  

Hyperthermic intraperitoneal chemotherapy (HIPEC) 
The HIPEC method is very heterogeneous and there is currently no stan-
dardisation. Common to all methods are the hyperthermia and the circulating 
perfusate. No set temperature has been determined. However, due to the 
difficulty of keeping a totally homogeneous temperature in the abdomen, the 
most common target temperature is between 40 and 43oC65,67. Table 2.1 lists 
the pros and cons of different closure techniques in HIPEC. 

The choice of drug for HIPEC treatment of colorectal PM is not currently 
standardised. Chemotherapeutic drugs that are suitable for such treatment 
should, in theory, be large, water-soluble and ionised compounds, because 
they would diffuse slowly across the peritoneum leading to a higher intrap-
eritoneal concentration than in the blood. Furthermore, as the treatment is 
rather short and the abdomen is rinsed after HIPEC, cell-cycle independent 
drugs are preferable69. There are several drugs in use for CRC. When hyper-
thermia was introduced in HIPEC, cisplatin70 and mitomycin C71 were the 
first two drugs where pharmacokinetics was studied. Mitomycin C became 
the drug of choice for colorectal cancer. This drug has been challenged by 
oxaliplatin59 which has now become popular partly due to high concentra-
tions achieved IP and its success in the systemic treatment of CRC.  
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Table 2.1 – Comparison of HIPEC techniques as described by Glehen et al68. 

The oxaliplatin treatment was combined in a bidirectional approach using 5-
FU as an IV drug administered concurrently during surgery59. This treatment 
of colorectal cancer was further developed by adding irinotecan to the perfu-
sion of the abdomen together with oxaliplatin72, which made the HIPEC 
treatment a triple drug treatment (5-FU IV, oxaliplatin and irinotecan IP).  
Even though the triple drug treatment has gained popularity, there is no stan-
dardisation as yet concerning the choice of drugs to be used. For colorectal 
cancer the two main drugs in current clinical practice are oxaliplatin or mi-
tomycin C. 

HIPEC is the dominant form of intraperitoneal chemotherapy, particularly 
in CRC. However, this is not the case with all tumour types, as SPIC treat-
ments have shown progress in research with ovarian cancer73 where SPIC is 
used more often than HIPEC. 

Chemo-sensitivity testing 
As previously mentioned, 5-FU (EPIC and SPIC), mitomycin C, and ox-
aliplatin (HIPEC) are the main drugs used for the IPC treatment of colorectal 
PM. However, there are a number of new chemotherapeutic drug alterna-
tives. One way to develop drug candidates for further investigation is 
through the chemo-sensitivity testing of tumours. There are a number of 
ways to study chemo-sensitivity. One method is clonogenic assays where the 
ability of cancer cells to form colonies after a few weeks of agar medium 

Technique Advantages Disadvantages 
Closed intra-
operative technique 

• Minimises exposure of OR staff 
to chemotherapy 

• Easier to achieve high perfusion 
temperatures 

• Increased drug penetration and 
tissue uptake with high intra-
abdominal pressure 

 

• Uneven heat distribution 
• Lack of uniform drug 

distribution 

Open intra-
operative coliseum 
technique 

• More uniform heat distribution 
• More uniform drug distribution 

• Increased risk of OR staff 
exposure to chemother-
apy 

• Heat dissipation 
 

Peritoneal cavity 
expander 

• Uniform distribution of chemo-
therapy 

• Increased risk of OR staff 
exposure to chemother-
apy  

• More complex apparatus 
 

Semi-closed (semi-
opened) intra-
operative technique 

• More uniform heat distribution 
• More uniform drug distribution 
• Minimises exposure of OR staff 

to chemotherapy 

• More complex apparatus 
• Not in common use 
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culture can be evaluated.74 Cell proliferation assays are another method for 
measuring the proliferative activity of cells over a few days.74 At Uppsala 
University Hospital an updated, fully automated, 384-well method of the 
fluorometric microculture cytotoxicity assay (FMCA) has been developed 
and adapted to robotics. Applications of this method are similar to those used 
in the colorimetric MTT assay.74 However, these two assays have different 
endpoints: the MTT assay measures cell metabolism, whereas the FMCA 
measures the esterase activity of cells with intact plasma membranes.75 It 
does this by measuring the fluorescence generated when the non-fluorescent 
probe, fluorescein diacetate, is hydrolysed. The MTT assay and the FMCA 
yield similar results but the FMCA method is more sensitive. Furthermore, 
the preparation of drug plates and the use of a staining procedure without 
organic solvents make it an easier method to use.75 Tumour samples from 
patients with all types of PM treated with CRS and IPC have routinely been 
analysed using the FMCA method for evaluating chemo-sensitivity to stan-
dard and new experimental drugs with the hope that in the future this may 
assist the clinician in choosing an individually tailored chemotherapy regi-
men for the patient.  

2.5 The premises of the thesis 
Over the past 10 years, research on the treatment of colorectal PM with CRS 
and IPC has grown considerably. Concerning HIPEC, there is one random-
ised control trial51 and two case-control trials48,49 demonstrating a superior 
overall survival rate compared with systemic treatment alone. Concerning 
SPIC, there is one randomised and one case-control trial compared with sys-
temic chemotherapy66,76. For EPIC, there is one comparative randomised 
trial with systemic treatment, but this failed due to recruitment problems. 
These studies have been small with IPC treatment groups of fewer than 100 
patients, but they all suggest superior efficacy of IPC treatment over sys-
temic chemotherapy. 

Although the comparative studies are rather small, a number of larger ob-
servational studies exist. A few multi-institutional studies have been con-
ducted: two French studies with 506 and 523 patients and one Italian study 
with 146 patients65,77,78. Furthermore, two other studies have been published 
with more than 100 patients79,80. All of these studies show the efficacy of 
CRS and IPC in treating colorectal PM and many medical and surgical on-
cologists will refer patients for this treatment52,67. Despite this progress, some 
contention remains concerning this treatment option for colorectal PM. In a 
recent review article of CRS and IPC treatment for different tumour types, 
the conclusion drawn concerning colorectal cancer was that more Phase III 
randomised trials are needed81. There are several aspects of the CRS and IPC 
treatment that contribute to the remaining scepticism. 
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Current research problems in the area of colorectal PM 
The biggest challenge with the CRS and IPC treatment option for colorectal 
PM is that there is essentially only one small randomised control trial51. 
Since this trial, systemic treatment has gone through several advances that 
make the current validity of the comparison in this trial questionable.  It 
would seem easy enough to conduct a new trial. However, this has turned 
out to be much more difficult than previously thought. One recent attempt at 
a randomised trial failed due to recruitment problems82. There are a number 
of observational trials showing quite significant long-term survival and this 
is what makes recruitment to a randomised trial difficult. Patients want the 
option that may cure them, instead of merely keeping the disease stabilised 
through systemic chemotherapy. This leaves the research community in a 
Catch 22 situation – more randomised trials are needed, but conducting these 
trials is probably not feasible. Despite this difficulty, there are several as-
pects that may help to shed light on whether this treatment is a valid treat-
ment option for colorectal PM. 

The first aspect is the analysis of treatment outcome. Large cohort studies 
are a good way to show the efficacy of a treatment but the problem with 
many of the current cohort studies is that very few have reported the out-
come of their open-and-close cases. In a randomised trial, these cases would 
still be included in the surgical arm and reported in the studies. This aspect 
of outcome analysis was addressed in Paper I. The open-and-close cases 
were included in Paper I as well as an outcome analysis of recurrences which 
is something few other studies have evaluated83–86. 

A second aspect is that of patient selection. All agree that patients need to 
be in good physical health with the ability to combat adverse events and that 
their disease must be confined to the peritoneal cavity (with the possible 
exception of 1-3 liver metastases) and without retroperitoneal lymph node 
metastases87,88. Beyond this, there are no definite criteria for patient selec-
tion. Some centres use neo-adjuvant chemotherapy response as a criterion 
(with little direct evidence)49. Other centres use laparoscopy to stage the di- 

 
Table 2.2 

 
 
 
 
 
 
 

sease extent because radiology is still unable to accurately evaluate the ex-
tent of PM89–92. This issue is addressed in Paper II where the patient selection 
process was reviewed and a patient selection score based on tumour biology 

Aspects investigated in this thesis 

1. Treatment outcome analysis Paper I 

2. Patient selection  Paper II 

3. Intraperitoneal chemotherapy 

    a. Method of administration (HIPEC vs. SPIC) 

    b. What to administer (chemo-sensitivity) 

 

Paper III 

Paper IV 
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using serum tumour markers was developed in the hope that it can assist the 
surgeon in making well-founded decisions. 

A third aspect is that of optimising the IPC (Table 2.2). There are several 
areas of the IPC treatment that need to be evaluated clinically as mentioned 
in section 2.4 “Intraperitoneal chemotherapy”. This thesis addresses two 
areas, the method of administration and what to administer. Concerning 
methodology, there are three ways of administering IPC – HIPEC, EPIC, 
and SPIC. All have been proven more efficacious than systemic therapy in 
the small comparative trials mentioned above. A comparison between 
HIPEC and EPIC has shown HIPEC to be of greater value93. However, no 
comparison between HIPEC and SPIC had been conducted and this was the 
aim of Paper III. Concerning “what to administer” (Table 2.2), it is not fea-
sible to test all different possible combinations of drugs to arrive at the best 
treatment as the patient base is rather small. It could, however, be interesting 
to investigate ex vivo chemo-sensitivity profiles in order to choose the most 
relevant drugs to evaluate in confirmatory clinical trials. This has already 
been successful in leukaemia and to some extent in ovarian cancer94,95. In-
vestigating this aspect in an exploratory study for colorectal cancer was part 
of the aim of Paper IV. 



 26 

3 Aims of the thesis 

The overall aim of the thesis was to investigate different aspects of the CRS 
and IPC treatment of colorectal PM in order to identify possible ways to 
optimise the treatment and to clarify its potential clinical usefulness. The 
following elements were investigated in the different studies: treatment out-
come analysis, patient selection, method of administration (HIPEC vs. 
SPIC), and chemo-sensitivity. 

Specific aims: 
I. Paper I  

• To analyse the outcomes and prognostic variables of colo-
rectal PM patients treated with CRS and IPC  

• To analyse the outcomes after treatment of recurrences  

II. Paper II 

• To evaluate the exclusion and inclusion criteria basis for 
CRS and IPC by analysing the decision-making process  

• To develop a scoring system based primarily on serum 
tumour markers (STMs) that could predict short cancer-
specific survival  

III. Paper III 

• To compare two methods of IPC (HIPEC and SPIC) with 
respect to overall survival, disease-free survival, morbid-
ity, and mortality 

IV. Paper IV 
• To investigate differences in chemo-sensitivity between 

various PM tumour types  
• To investigate differences in clinical outcome depending 

on chemo-sensitivity within the subset of colorectal can-
cer 
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4 Common methods 

Ethical considerations 
The regional ethics committee approved the studies and informed consent 
was obtained from each patient. 

The CRS and IPC database and eligibility requirements 
Data collection was performed using the CRS and IPC database at Uppsala 
University Hospital, Uppsala, Sweden. All patients who have received IPC 
treatment since 1996 are registered in this database and all patients from 
Papers I-IV were retrieved from this database. PM was determined either 
through surgical exploration, by radiology or by histopathology. The eligibil-
ity requirements for the CRS and IPC programme are the following: no ex-
tra-abdominal metastases, no aortic lymph node metastases or non-resectable 
liver metastases (>3 metastases); normal haematopoietic, liver and renal 
functions; and a WHO performance status of 0, 1 or 2.  

The SPIC procedure 
The SPIC patients received a PORT A CATH (No. 21-2000-04, SIMS 
Deltec, Inc., St Paul, MN, USA) placed subcutaneously above the periost of 
the lower ribs with the catheter tunnelled through the abdominal wall and 
directed towards the principal tumour site66. A SPIC treatment consisted of 
5-fluorouracil 500-600mg/m2 administered intraperitoneally and leucovorin 
60mg/m2 administered intravenously once a day for six days. Patients 
changed position during the infusion according to a set scheme so as to aid 
the dispersion of the chemotherapy in the abdomen. Eight cycles were 
planned during a 6-month period postoperatively. 

The HIPEC procedure 
The open coliseum method was used in this thesis, as previously described96. 
Briefly, a Tenckhoff inflow catheter was placed centrally in the abdomen 
and four outflow catheters were inserted through separate stab incisions 
through the abdominal wall. Both the inflow and outflow catheters were 
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connected to a perfusion pump and a heat exchanger. The skin of the abdo-
men was attached to a retractor ring and covered with a plastic film. A per-
fusate circulation was established and after reaching the optimal temperature 
(approximately 42oC) a chemotherapeutic agent was administered. The tem-
perature was monitored by three thermal probes placed in different areas of 
the abdomen during the perfusion. Different carrier fluids and chemotherapy 
agents were used in the different studies (see below). Before perfusion, the 
body temperature was lowered to 35°C with a cooling blanket (Allon 2001 
Thermowrap, MTRE Advanced Technology Ltd., Yavne, Israel). 

General Statistics 
Descriptive data were presented in all studies with the use of tables where 
appropriate. When two groups were compared (Paper III), the statistical in-
ferences between the groups were performed using the Pearson X2 test for 
categorical variables and the two-sample student’s t-test for continuous vari-
ables. When multiple groups were compared (Paper IV), one-way ANOVA 
with Tukey’s multiple comparison post hoc test of group means was used. 
Cross resistance between drugs (Paper IV) was analysed by the Spearman 
Rank correlation and the slope of the regression line was calculated with the 
least squares method.  

Prognostic evaluations of variables with survival as an endpoint were 
conducted by means of univariate and multivariable Cox regression analy-
ses. Results were displayed as hazard ratios with 95% confidence intervals 
and p-values. The multivariable analyses were conducted including only 
statistically relevant variables from the univariate analyses. The p-level for 
this differed between the studies (p=0.05-0.1) depending on the size of the 
study or the stability of the data (see each respective Paper in the appendi-
ces). An all-effects function was implemented using both forward and back-
ward step-wise analysis. The statistics section of each respective paper in the 
appendices demonstrates how missing data was handled in these regression 
analyses. In all studies, post-operative deaths were considered censored data. 
In Paper II, a quartile analysis of serum tumour markers was performed 
within the framework of a Cox regression model. 

Survival analyses in the different studies were graphically represented ac-
cording to the Kaplan-Meier method. When relevant, statistically inferred 
differences between two groups were determined using the log-rank test for 
large groups (e.g. Paper I) or Cox’s F test for small groups (e.g. Paper III). 
The level of significance for all statistical tests (with some exceptions in the 
Cox regression analysis – see above) was set to p<0.05. The statistics soft-
ware used was primarily STATISTICA 10.1 (StatSoft Inc, Tulsa, OK, USA); 
and in Paper IV, GraphPad Prism Version 5 for Mac (GraphPad Software, 
San Diego, CA, USA) was also used. 
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5 Summary of Papers 

5.1 CRS and IPC treatment of colorectal PM 
Paper I: Cytoreductive Surgery and Intraperitoneal Chemotherapy for Colorectal Peritoneal 

Carcinomatosis: Prognosis and Treatment of Recurrences in a Cohort Study 

The first aspect investigated in this thesis is that of treatment outcome. Paper 
I investigated overall survival, disease-free survival, and prognostic factors 
after CRS and IPC treatment as well as survival after additional surgical 
treatments for recurrences. 

Patients and methods 
The study included all colorectal cancer patients who have undergone CRS 
and IPC since the program started in 1996. Study cohort inclusion ended at 
the end of 2010 and resulted in 151 patients. The eligibility requirements are 
specified above. A number of pre- and peri-operative prognostic factors were 
collected as well as 90-day morbidity and mortality. The 90-day treatment-
related morbidity was reported according to the Common Terminology Cri-
teria for Adverse Events v3.0 and only adverse events of grades III to V 
were registered.  

The cytoreductive surgery (CRS) technique was mainly performed ac-
cording to Sugarbaker (see section 2.3). Two intraperitoneal treatment tech-
niques were in use during this time period: SPIC and HIPEC. The SPIC and 
HIPEC methods are described in detail in Chapter 4 (Common methods). 
Chemotherapy regimens used during HIPEC treatment consisted of either a 
single drug treatment with mitomycin C 30-35mg/m2 for 90 minutes and no 
IV chemotherapy (n=2), or bidirectional double drug treatment with ox-
aliplatin 460mg/m2 for 30 minutes IP combined with 5-FU 400mg/m2 and 
calciumfolinate 60mg/ m2 IV (n=44), or bidirectional triple drug treatment 
with oxaliplatin 360mg/m2 and irinotecan 360mg/m2 for 30 minutes IP com-
bined with 5-FU 450-500mg/m2 and calciumfolinate 60mg/ m2 IV (n=23). 
The chemotherapy regimen used during SPIC is detailed in chapter 4 (Com-
mon methods).  
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Follow-up data on recurrences, treatments of recurrences, postoperative 
systemic chemotherapy, date and cause of death were collected on all pa-
tients as extensively as possible. All patients with recurrences were divided 
into three subgroups: isolated liver recurrences, isolated peritoneal recur-
rences, and the remaining recurrences. Time to recurrence and choice of 
treatment data were collected on each patient. In the liver and peritoneal 
groups, the patients undergoing third-line surgical or invasive treatment were 
compared to those receiving best supportive care (with or without chemo-
therapy depending on performance status) in terms of overall survival. The 
rest of the recurrences received palliative chemotherapy or best supportive 
care and the overall survival in this group was calculated. 

Results 
Out of 151 patients with colorectal cancer undergoing surgery for colorectal 
PM, 126 were treated with combined CRS and IPC (69 HIPEC and 57 
SPIC), 23 were open and close cases, and two were treated with CRS with-
out HIPEC or SPIC. Location and time of recurrences are displayed in Table 
5.1. The Grade III-IV 90-day morbidity was 30% in the SPIC group and 
41% in the HIPEC group (p=0.02). The 90-day, treatment-related mortality 
was 3% in the SPIC group and 4% in the HIPEC group (p=0.98). For spe-
cific adverse events see Table 5.2. 

Table 5.1 - Recurrences after cytoreductive surgery and intraperitoneal chemother-
apy in colorectal peritoneal carcinomatosis 

 
n=151 

Number 
(%) 

Disease-free 
Interval in Months 

(range) 

Median Survival 
in Months  

 
Surgery grossly incomplete 
No recurrences 
Isolated peritoneal 
Isolated liver 
Isolated lung 
Both peritoneal and systemic 
Multiple systemic sites 
Isolated brain 
Isolated testicle 
Missing data 

41 (27.2%) 
37 (24.5%) 
20 (13.2%) 
16 (10.6%) 
10 (6.6%) 
14 (9.3%) 
3   (2.0%) 
1   (0.7%) 
1   (0.7%) 
8   (5.3%) 

0 
N/A 

   10.7 (2.8-38) 
     7.5 (0.5-24) 
     5.4 (0.5-22) 

  6.7 (3-36) 
  4.9 (1-12) 
  2.0 (N/A) 
33.0 (N/A) 

N/A 

  6.7 
Not reached 

12.5 
14.6 
  6.7 
14.1 

Not reached 
11.6 

Not reached 
N/A 

Survival and prognostic factors 
In Figure 5.1, the median overall survival (OS) was 34 months (range: 2-77) 
for CRS and HIPEC with five-year survival predicted at 40%. For CRS and 
SPIC, the OS was 25 months (range: 2-188) with five-year survival at 18%.  
Open-and-close patients survived 6 months (range: 0-14) with no five-year 
survival (HIPEC vs. SPIC p=0.047, SPIC vs. open-and-close p<0.001). The 
median survival of HIPEC patients with CC 0 was 39 months and for SPIC 
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patients with CC 0 it was 32 months (p=0.3). The disease-free survival 
(DFS) for HIPEC was 15 months and for SPIC 10 months (p=0.048) with a 
five-year DFS at 32% and 12%, respectively. Median OS for the entire co-
hort was 24 months and five-year OS was 20% (five-year DFS 15%).  

Table 5.2 - Postoperative morbidity in HIPEC (n=69) & SPIC treatment (n=57) 

 
n=126 

Number of  
adverse events 

(%) 

Re-operation 
within 90 days 

Mortality 

Infections 
   Intra-abdominal infection 
   Sepsis 
Surgical 
   Enterocutaneous fistula 
   Other intra-abdominal fistulas 
   Wound dehiscence 
   Postoperative bleeding 
   Anastomotic leak 
   Urinary leak  
   Intensive post-op pain 
   Bile leak 
   Gastric perforation    
   Bowel obstruction (surgical) 
Cardiovascular 
   Atrial fibrillation 
   Cerebral vascular lesion 
   Pulmonary embolism 
   Deep vein thrombosis 
   Arterial embolism (leg) 
   Vena cava thrombosis 
Miscellaneous 
   Pleural effusion 
   Kidney failure 
   Liver failure 
   Haemolytic uraemic syndrome 
   Bowel obstruction (tumour) 

 
8 (6.3%) 
8 (6.3%) 

 
7 (5.6%) 
2 (1.6%) 
3 (2.4%) 
3 (2.4%) 
3 (2.4%) 
2 (1.6%) 
2 (1.6%) 
1 (0.8%) 
1 (0.8%) 
1 (0.8%) 

 
2 (1.6%) 
2 (1.6%) 
1 (0.8%) 
1 (0.8%) 
1 (0.8%) 
1 (0.8%) 

 
5 (4.0%) 
1 (0.8%) 
1 (0.8%) 
1 (0.8%) 
1 (0.8%) 

 
 

 
 
 
 

3 
2 
2 
 

1 
 

1 
1 

 
 

1 
 

 
 
 
 

1 
 
 
 
 
 
 
 

1 
 
 
 
 
 
 
 
 

1 
1 

a 58 (46%)* 10 (8%) 5 (4%) 

* Several patients had multiple Grades III-IV adverse events, which is why the percentage here is higher 
than what is presented in the text for HIPEC and SPIC individually. 

PCI, CC score, type of IPC, white blood-cell count and adjuvant systemic 
chemotherapy were independent prognostic factors in the multivariable 
analysis for OS (Table 5.3). In patients with CC 0 score, PCI and adjuvant 
chemotherapy were independent prognostic factors (Table 5.4). The median 
time from primary surgery to CRS was 3 months in synchronous PM 
(n=102) and 27 months in metachronous PM (n=48). The mean in-hospital 
stay was 18 days while the mean operating time and bleeding was 440 min-
utes and 1,470 ml. 
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  150 98   56  21  11  10 
                        Total numbers at risk 

Figure 5.1 -  Survival according to HIPEC, SPIC, or open and close (n=150a) 

a Overall survival data was missing in one patient, b HIPEC vs. SPIC p=0.047, SPIC vs. Open-
and-close p<0.001. Abbreviations: HIPEC = Hyperthermic intraperitoneal chemotherapy, SPIC = 
sequential postoperative intraperitoneal chemotherapy 

Analysis of liver and peritoneal recurrences 
Patients with liver-specific interventions had a 35 month (range: 12-48) me-
dian OS from the time of the third-line treatment and the palliative treatment 
group had a median OS of 12 months (range: 4-26, p=0.03).  In the interven-
tion group, the median time to the liver recurrence was 12 months and in the 
non-intervention group it was 5 months. There was no 90-day mortality.  

The median time to the peritoneal recurrence was 12 months in the sur-
gery group and 7 months in the non-surgery group. The median survival of 
the surgery group was 23 months (range: 9-98) and in the palliative treat-
ment group it was 6 months (range 1-26; p=0.007). Figure 5.2 displays an 
overview of aggressive intervention vs. palliative care (systemic chemother-
apy or best supportive care) for both peritoneal and liver. Median OS in de-
tail was as follows: intervention vs. systemic chemotherapy (25 vs. 15 
months, p=0.02), intervention vs. best supportive care (25 vs. 2 months, 
p=0.03), and intervention vs. unknown palliative group (25 vs. 8 months, 
p=0.01). 
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Table 5.3 and 5.4 - Prognostic analysis for overall survival in the cohort (Table 5.3) 
and in CC-0 patients (Table 5.4 details only significant variables) 

Characteristic (n) Univariate 
Hazard Ratio 

Univariate 
p-value 

Multivariate 
p-value 

General 
     Female gender (75)  
     Age 
     Synch vs. metach (102 vs. 48)  
Histology 
     LN-positive vs. negative (95 vs. 29) 
     Mucinous (89) 
     Signet-cell (18) 
     Tumour grade 
           Low (45) 
           Intermediate (87) 
           High (18) 
     Rectal vs. colon cancer (15 vs. 135) 
Laboratory results 
     Haemoglobin < 120g/L (56) 
     White blood cell count > 9x109/L (32) 
     Platelet count < 350x109/L (38) 
Prognostic scores 
     PCI (as continuous variable) 
           PCI I:1-10 (49) 
           PCI II: 11-20 (45) 
           PCI III: 21-39 (56) 
     PSS 0 (19) 
     PSS 1 (29) 
     PSS 2 (60) 
     PSS 3 (42) 
     CC 1-3 vs. CC 0 (97 vs. 53) 
Tumour distribution according to PCI 
region 1-3. 
     No tumour present (63) 
     Tumour in one region (20) 
     Tumour present multiple regions (67) 
Chemotherapy 
     Neoadjuvant chemotherapy (47) 
     Adjuvant chemotherapy b (27) 
     HIPEC vs. SPIC (69 vs. 57) 

 
0.65 (0.43-0.98) 
0.99 (0.98-1.00) 
0.86 (0.56-1.32) 
 
1.49 (0.83-2.68) 
1.00 (0.66-1.51) 
1.01 (0.54-1.91) 
 
0.84 (0.44-1.63) 
0.71 (0.39-1.32) 
Reference 
1.12 (0.59-2.10) 
 
1.17 (0.76-1.78) 
1.71 (1.07-2.75) 
1.72 (1.06-2.78) 
 
1.05 (1.03-1.08) 
Reference 
1.32 (0.76-2.31) 
3.24 (1.95-5.39) 
1.20 (0.54-2.66) 
0.70 (0.36-1.40) 
1.34 (0.81-2.23) 
Reference 
5.51 (3.57-8.51) 
 
 
0.30 (0.12-0.75) 
0.44 (0.19-1.03) 
2.49 (1.59-3.91) 
 
1.14 (0.65-2.02) 
0.27 (0.12-0.58) 
0.60 (0.36-0.99) 

 
0.04 
0.19 
0.50 

 
0.67 
0.98 
0.97 

 
0.99 
0.25 

 
0.73 

 
0.47 
0.01 
0.03 

 
<0.001 

 
0.19 

<0.001 
0.18 
0.06 
0.19 

 
<0.001 

 
 

0.04 
0.31 
0.02 

 
0.64 

<0.001 
<0.001 

 
0.41 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.09 
0.15 

 
0.004 

 
 
 
 

0.30 
 
 

0.006 
 
 

0.39 
 

0.23 
 
 

0.003 
0.001 

Table 5.4 
Prognostic scores 
     PCI (as continuous variable) 
           PCI I (1-10) 
           PCI II (11-20) 
           PCI III (21-39) 
Chemotherapy 
     Adjuvant chemotherapy* 
     HIPEC vs. SPIC 

 
1.03 (1.00-1.07) 
Reference 
1.19 (0.59-2.41) 
2.08 (0.95-4.53) 
 
0.42 (0.18-1.00) 
0.71 (0.37-1.34) 

 
0.08 

 
0.57 
0.08 

 
0.005 
0.07 

 
0.001 

 
 
 

 
0.001 
0.36 

* missing data in 5 patients 
Abbreviations: HIPEC = hyperthermic intraperitoneal chemotherapy, SPIC = sequential postoperative 
intraperitoneal chemotherapy, PCI = peritoneal cancer index, PSS = prior surgical score, CC = complete-
ness of cytoreduction, Synch = synchronous, Metach = metachronous, LN = lymph node 
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   37  18 7 3 3 1 

                         Total numbers at risk 

Figure 5.2 - Survival of additional invasive treatment of liver and peritoneal re-
currences. 

 

a For specifics within the palliative care group see the result section above. b Additional surgery or 
local intervention for both peritoneal and liver recurrences (p=0.01) 

Discussion 
This study includes the results of every patient that entered the operating 
room, including open-and-close patients. Despite this, the results from the 
whole cohort are quite impressive with a five-year overall survival (OS) of 
20% and a disease-free survival (DFS) of 15%. This is better than any sys-
temic chemotherapy treatment published to date, where typically there are 
few, if any, patients with a five-year DFS97. Narrowing in on the HIPEC 
patients, the five-year OS was 40% with a five-year DFS of 32%. Neverthe-
less, the survival of the open-and-close patients is very poor with no five-
year survivors and a median OS of 6 months. It is clear from this study that 
the patient selection process must be improved in such a way that the num-
ber of open-and-close patients is reduced. This is the topic of Paper II and 
will be dealt with later. Furthermore, these results make randomised trials 
between CRS/IPC and systemic chemotherapy difficult and perhaps unethi-
cal. 

Concerning the prognostic analysis, an interesting variable was adjuvant 
systemic chemotherapy. One earlier study showed that adjuvant systemic 
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chemotherapy after CRS and HIPEC is beneficial for overall survival78. The 
current study was able to confirm this prognostic benefit. However, it would 
be useful to perform a randomised trial before establishing a clinical routine 
with adjuvant systemic chemotherapy. 

This study was the first to report the outcomes of additional liver surgery 
due to recurrences after prior CRS and IPC. Continuing an aggressive surgi-
cal approach to isolated recurrences appears beneficial in selected patients. 
As seen in Figure 5.2, the median survival of further interventional treat-
ments of isolated liver or peritoneal recurrences was 25 months. Those pa-
tients undergoing palliative chemotherapy had poor survival. However, the 
selection bias is an obvious confounder here, rendering the comparison 
moot. Even so, the survival rates, as such, are impressive, confirming that 
good results can still be achieved in selected patients with isolated liver or 
peritoneal recurrences. Therefore, prior CRS and IPC should not automati-
cally preclude patients from further surgical or interventional treatment. 

In conclusion, this cohort study shows that impressive OS and DFS can 
be achieved in patients with colorectal PM following CRS and IPC and that 
adjuvant chemotherapy might be beneficial. Randomised trials for colorectal 
PM comparing CRS and IPC with systemic chemotherapy alone may not be 
possible considering long term DFS. Furthermore previous CRS and IPC 
should not automatically preclude patients from further surgical treatment 
following isolated disease recurrences, as long term survival is still possible 
in this population. 
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5.2 Patient selection for CRS and IPC 
Paper II: Patient Selection for Cytoreductive Surgery in Colorectal Peritoneal Carcinomatosis 

using Serum Tumour Markers – an Observational Cohort Study 

The second aspect investigated in this thesis is that of the patient selection 
process. The first aim was to review the decision-making process in patient 
selection from referral to the operating table and the second aim was to de-
velop a patient selection score to aid in this process. 

 

 

 

 

 

 

 
Figure 5.3 – Flowchart of Paper II 

 

a Internal application of the score (training set), b External validation of the score (validation set) 

Patients and methods 
All patients referred for CRS and IPC treatment at Uppsala University Hos-
pital over a four year period between January 1st, 2005 and December 31st, 
2008 were enrolled in the study (Figure 5.3). Those patients who did not 
undergo surgical treatment were included in a non-surgery group where the 
reason for this decision was reviewed (the first aim). All others who under-
went surgery were enrolled in the surgery group (Figure 5.3). All patients in 
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the surgery group fulfilled the general eligibility criteria as mentioned in 
Chapter 4. 

The second aim of developing a prognostic score in the surgery group 
was investigated by collecting from the database five STMs (CEA, CA 125, 
CA 19-9, CA 15-3, and CA 72-4) and haematological status [haemoglobin 
level (Hb), white blood cell count (WBC), and platelet count (PLT)] that are 
taken routinely two or three days prior to surgery on all patients undergoing 
CRS and IPC. Further data collected on patients undergoing CRS and IPC 
were date and cause of death, histopathology, peritoneal cancer index (PCI), 
prior surgical score (PSS), completeness of cytoreduction (CC), and the use 
of neo-adjuvant chemotherapy. PSS, PCI, and CC scores were quantified 
intra-operatively as described earlier in section 2.3.  

In June 2006, the routine pre-operative workup for the CRS and IPC pa-
tients was updated to include referral tests taken 2-3 months prior to surgery. 
The 5 STMs (see above) were measured 2-3 months pre-operatively (referral 
tests) and 2-3 days pre-operatively (surgery tests). Changes in STM levels 
between the two tests were defined according to Table 5.5. 

From Table 5.6 and 5.7, nine significant variables were selected to be in-
cluded in the colorectal PM (Corep) score: Signet-cells, Hb, WBC, CEA, CA 
125, CA 19-9, CA 15-3 plus response to chemotherapy (normal/regression 
vs. progression). The quartile analysis of the STMs was used to define cut-
off points where statistically significant changes occurred. After these points 
were determined (see the results section), the hazard ratio for each variable 
was rounded off to the nearest whole number. These whole numbers were 
divided by two, and the resulting numbers were assigned as points for each 
variable in the Corep score (Table 5.8). 

 
Table 5.5 – How STM changes were defined in the subgroup analysis. 

Groups Description – a change in tumour marker is defined as +/- 50% of the value 

1 The markers were never elevated during the entire observation period. 

2 Regression in at least 50% of the pathological tumour markers. If there is an 
even number of pathological markers, the other markers must not be defined as 
progressing. 

3 Stabile disease or mixed response – those not defined in group 2 or 4. 

4 Progression in at least 50% of the pathological tumour markers. If there is an 
even number of pathological markers, the other markers must not be defined as 
regressing. 

The Corep score was developed in the training set of patients mentioned 
above (n=35) and validated in an external set of 24 consecutively treated 
colorectal PM patients treated with CRS and IPC (including open-and-close 
cases) between 2009 and 2010 (Figure 5.4). Date and cause of death and CC 
score were collected as well as the nine variables (Table 5.8) needed to vali-
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date the score. The sensitivity, specificity, positive predictive value (PPV) 
and negative predicted value (NPV) for a Corep score ≥ 6 was calculated in 
terms of predicting short cancer-specific overall survival which was defined 
as survival <12 months. Censored cases before 12 months were not included 
in this calculation. 

Results 

Non-surgery group 
Forty-two patients, colonic cancer patients only, did not proceed to surgery. 
There were 16 male patients (38%) and the mean age was 59.4 years. In 24 
patients (57%), the cause for denial of surgery was metastatic disease found 
during the pre-operative workup – 11 pulmonary, 8 para-aortal lymph node, 
3 liver, and 2 thoracic lymph node metastases.  Seven patients (17%) were 
excluded due to poor performance status or major clinical symptoms of in-
testinal obstruction. Four patients (10%) refused surgery. Two patients (5%) 
were excluded on the basis of radiological PM findings indicating that the 
disease was too extensive. Both patients had extensive PM growth: one pa-
tient also had an affected common bile duct and the other patient had vena 
cava growth subhepatically. Two patients (5%) failed down-staging of para-
aortal lymph nodes with neo-adjuvant chemotherapy, two patients (5%) died 
of other causes prior to surgery, and in one patient (2%) data were missing. 

Surgery group and prognostic score development 
Paper II in the appendix presents a thorough description of patient character-
istics in the surgery group. The results of the univariate and multivariate Cox 
proportional analyses are outlined in Tables 5.6 and 5.7. Nine variables were 
eligible for the Corep score (Table 5.8). The hazard ratios (Table 5.6 and 
5.7) of five variables (Signet cells, Hb, WBC, normal/regression in STMs, 
and progression of STMs) were rounded off to whole numbers and trans-
ferred to Table 5.8. Cut-off points were defined at points where statistically 
significant changes occurred (Table 5.6). These points were defined at 
70µg/l for CEA, 350kU/l for CA 125, 70kU/l for CA 19-9, and 50kU/l for 
CA 15-3. Hazard ratios from the quartile analysis were recalculated where 
appropriate and rounded off to the nearest integer and transferred to Table 
5.8. These rounded hazard ratios were then divided by two and used in the 
Corep score.  
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Table 5.6 – Prognostic values of laboratory results in the surgery group (n=65). All 
variables are dichotomised. 

 % Descriptive Data Univariate 
Hazard Ratio 

(95% CI) 

p- 
value 

Multivariate 
Hazard Ratio 

(95% CI) 

p- 
value 

Histopathology 
    Mucinous   
    Node positive 
    Low grade 
    Signet cell 

 
69% 
65% 
35% 
11% 

 
N/A 
N/A 
N/A 
N/A 

0.81 (0.41-1.61)
1.23 (0.50-3.04)
1.63 (0.83-3.18)
2.51 (1.02-6.02)

0.554
0.650
0.153
0.045

 
 
 
 

1.62 (0.60-4.37) 

 
 
 
 

0.336 
Haematology  
   ↓ Hb  
   ↑ WBC  
   ↑ PLT  

 
34% 
29% 
40% 

Median (IQ range) 
108 (104-113)       g/L 
  11 (10-13)     x109/L 
417 (364-510) x109/L 

1.84 (0.97-3.49)
2.20 (1.16-4.17)
1.56 (0.84-2.89)

0.060
0.015
0.160

 
 

2.34 (1.16-4.70) 
 

 
 

0.017 

Elevated STMs 
 at surgery 
   CEA (n=40) 
      1st quartile 
      2nd quartile 
      3rd quartile 
      4th quartile 

   CA 125 (n=28) 
      1st quartile 
      2nd quartile 
      3rd quartile 
      4th quartile    

   CA 19-9 (n=27) 
      1st quartile 
      2nd quartile 
      3rd quartile 
      4th quartile    

   CA 15-3 (n=8)   
      1st quartile 
      2nd quartile 
      3rd quartile 
      4th quartile 

   CA 72-4 (n=22) 
      1st quartile 
      2nd quartile 
      3rd quartile 
      4th quartile 

 
 

62% 
 
 
 
 

43% 
 
 
 
 

42% 
 
 
 
 

12% 
 
 
 
 

34% 

 
Median (IQ range) 

  30 (6-70) µg/L 
 
 
 
 
149 (66-343) kU/L 
 
 
 
 
196 (75-1057) kU/L 
 
 
 
 
  36 (33-44) kU/L 
 
 
 
 
  49 (13-300) kU/L 

2.33 (1.89-4.60)
0.66 (0.17-2.63)
1.41 (0.48-4.11)
1.71 (0.59-4.90)
4.61 (1.91-11.1)
3.96 (2.00-7.85)
1.18 (0.31-4.47)
1.32 (0.35-4.95)
4.59 (1.73-12.2)
6.55 (2.38-18.0)
3.58 (1.83-7.00)
0.86 (0.20-3.78)
5.93 (1.66-21.2)
4.07 (1.62-10.2)
4.75 (1.68-13.4)
1.86 (0.82-4.25)
0.33 (0.01-8.04)
0.24 (0.03-2.12)
0.98 (0.13-7.18)
9.14 (1.95-42.9)
0.83 (0.42-1.63)
0.17 (0.03-1.21)
0.15 (0.01-2.03)
2.43 (0.91-6.47)
0.96 (0.29-3.19)

0.014
0.221
0.126
0.674
0.007

<0.001
0.674
0.750
0.295
0.012

<0.001
0.124
0.003
0.440
0.284

0.137*
0.620
0.715
0.535
0.014
0.583
0.743
0.085
0.014
0.696

 
 

1.99 (0.97-4.10) 
 
 
 
 

2.52 (1.24-5.10) 
 
 
 
 

2.19 (1.10-4.35) 
 

 
 

0.062 
 
 
 
 

0.010 
 
 
 
 

0.026 

*As continuous variable p=0.049 
Abbreviations: N/A = not applicable, Hb = haemoglobin, WBC = white blood cell count, PLT = 
platelet count, IQ = interquartile range, STM = serum tumour marker, CEA = carcinoembryonic anti-
gen, CA = carbohydrate antigen 

 
Table 5.7 – Univariate analysis in the training set (35 patients) 

 Univariate HR 
(95% CI) 

p-
value 

Median survival  
(number of patients) 

STM changes over time (Table 1)   
    1-2: Normal STMs or regression 
    3: Stabile or mixed response 
    4: Progression 
STM changes over time (Table 1) 
    Without neoadjuvant chemotherapy 
    With neoadjuvant chemotherapy 

0.10 (0.01-0.78)
Factorial reference

2.58 (0.76-8.75)

4.54 (1.06-19.5)
9.93 (1.08-91.1)

 
0.028

N/A
0.030

0.042
0.042

 
 *  (10) 
18 (19) 
13 (  6) 

 
 *  (18) 
 *  (17) 

* median survival not reached         Abbreviations: STM = serum tumour markers, HR = hazard ratio 

 



 40 

 

The maximum possible Corep score was 18 (Table 5.8). A Corep score ≥6 
was determined as an optimal breaking point for poor prognosis. Using this 
point, the sensitivity, specificity, PPV and NPV were calculated for both the 
training and validation sets (Figure 5.4). The validation set had better results 
with sensitivity of 80% and specificity of 100%. Fifty-nine patients were 
included in the internal and external validation. Had patients with Corep ≥ 6 
been excluded from treatment then the rate of open-and-close cases would 
have fallen from 15% to 7%, the rate of radical surgery would have in-
creased from 84% to 88%, and the median overall survival would have in-
creased from 27.6 to 34.4 months. 

 

Table 5.8 – The Corep Score 0-18 

Variable Hazard Ratio 
(adjusted to whole num-

ber) 

Score  
(0 – 18) 

Signet-cell tumour 3 1.5 

Hb <125 (g/L) 2 1 

WBC >9.0 (x109/L) 2 1 

CEA normal (<3.1 µg/l) 
CEA: 3.1-70 µg/l 
CEA: > 70 µg/l 

Reference 
2 
5 

0 
1 

2.5 
CA 125 normal (<40 kU/l) 
CA 125: 40 – 350 kU/l 
CA 125: > 350 kU/l 

Reference 
4 
7 

0 
2 

3.5 
CA 19-9 normal (<37 kU/l) 
CA 19-9: 37 – 70 kU/l 
CA 19-9: > 70 kU/l 

Reference 
2 
5 

0 
1 

2.5 
CA 15-3 normal (<30 kU/l) 
CA 15-3: 30-50 kU/l 
CA 15-3: > 50 kU/l 

Reference 
1 
9 

0 
0.5 
4.5 

Normal STMs or regression (Table 5.5)   0.1 (-10) -5* 

Progression of STMs (Table 5.5) 3 1.5 

*Negative value reflects the positive effect of normal or regressing STMs 
Abbreviation: Hb = haemoglobin, WBC = white blood cell count, STM = serum tumour marker, 
CEA = carcinoembryonic antigen, CA = cancer cell-surface antigen 
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59    39   15     4           - 

                             Total numbers at risk 

Figure 5.4 – Corep score in the training (internal) and validation (external) sets 
 
The predictive values are calculated using Corep ≥ 6 as the predictive test and survival less than or 
more than 12 months as the true outcome. p=0.002 for internal difference and p=0.007 for external 
difference. Abbreviations: PPV = positive predictive score, NPV = negative predictive score 

Discussion 
Patient selection for CRS and IPC is a critical part of the treatment’s success. 
In other loco-regional surgical treatments such as liver metastasis surgery, 
the CT scan is of major importance in order to evaluate the extent of the liver 
disease. However, surprisingly few patients were excluded based on the ab-
dominal extent of PM in this review. Radiology is, of course, important, 
particularly in identifying distant metastases contraindicating surgery, but it 
appears, nonetheless, to play a minor role in determining the extent or re-
sectability of the PM disease. In this respect, patient selection remains an art 
for the surgeon, where the definite decision is sometimes made at the clinical 
examination. However, even if the decision is made at the clinical examina-
tion, the radiological imaging will probably contribute in some way to the 
decision as radiology has a tendency to underestimate the true extent of the 
disease98,99. The insufficiency of radiology has been a major difficulty in 
establishing patient selection guidelines for the CRS and IPC procedure90. 

The second part of the study was aimed at developing a prognostic score 
that could complement radiology. This study developed a score (Corep) with 
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a sensitivity of 80% and specificity of 100% (PPV of 1.0 and NPV or 0.93) 
for detecting patients surviving < 12 months after the procedure. A Corep 
score ≥ 6 was synonymous with a poor prognosis with a median survival 
between 6 and 7 months and no patient living more than 15 months (Figure 
5.4). In this study, it would have entailed excluding 22% of the patients from 
undergoing CRS/IPC and thus reducing the number of patients living less 
than 12 months from 22% to 7% (Figure 5.4). 

In Table 5.7, those patients with progression of STMs during the pre-
operative period between the referral and the surgery had an increased haz-
ard ratio (HR 4.54). Furthermore, some of these patients had also received 
neo-adjuvant chemotherapy during the pre-operative period. This subgroup 
had an even higher hazard ratio (HR 9.93). This illustrates that while pro-
gressing without neo-adjuvant chemotherapy was hazardous, progressing 
while being treated with neoadjuvant chemotherapy was significantly more 
hazardous. However, even if neoadjuvant treatment enhances the prognostic 
power of the Corep score, it still needs to be properly investigated in a pro-
spective randomised trial. 

The multivariable Cox proportional analysis produced four independent 
prognostic factors – white blood cell count, CEA, CA 125, and CA 19-9. 
The quartile analysis suggested that there was indeed a prognostic difference 
between some quartiles. The cut-off points as determined in the quartile 
analysis confirm the results of an earlier study of 377 patients100. That study 
had 50µg/l for CEA and 350mU/l for CA 125 which is close to our study 
with 70µg/l for CEA and 350mU/l for CA 125. 

Other prognostic scores, such as the peritoneal surface disease severity 
score and the Verwaal prognostic score, produce nicely stratified groups, but 
their poor prognosis groups may survive past the 2-year mark101,102. Thus, 
these scores are not optimal for selection purposes. Compared to laparo-
scopic staging, the Corep score is cheaper and easier to compare between 
institutions. These staging methods rely heavily on abdominal involvement. 
However, the Corep score is more a measure of tumour biology providing 
another perspective with which to complement the decision-making process. 

The external validation of the Corep score was performed on a dataset of 
24 patients. This is a rather small population to allow definite conclusions. 
However, the CRS and IPC procedure is rather rare and large cohorts are 
difficult to acquire. Nonetheless, the score appears to be a powerful tool in 
predicting short cancer-specific survival and it would be interesting to see if 
the score has the same power in other recurrences of colorectal cancer where 
surgery is an alternative, such as liver metastases or lung metastases. 

In conclusion, the radiological extent of PM is not a main determining 
factor in the decision-making process, but rather the clinical examination. 
The Corep score as developed is able to identify patients with short cancer-
specific survival with good sensitivity, specificity, PPV, and NPV. Neo-
adjuvant chemotherapy enhances the prognostic accuracy of the score. 
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5.3 Intraoperative HIPEC vs. postoperative SPIC 
Paper III: Intraoperative Hyperthermic versus Postoperative Normothermic Intraperitoneal 

Chemotherapy for Colonic Peritoneal Carcinomatosis: a Case-Control Study 

The third aspect investigated in this thesis is that of intraperitoneal chemo-
therapy (IPC). One area chosen for investigation was the method of admini-
stration. While HIPEC is primarily used for colorectal PM78, SPIC is more 
often used for ovarian PM73. The aim of Paper III was to present a case-
control comparison between HIPEC and SPIC according to overall survival, 
disease-free survival, morbidity, and mortality.  

Patients and methods 
The patients were extracted from the CRS and IPC database and only those 
with colonic cancers were chosen. To allow for comparison of HIPEC and 
SPIC, patients in these groups had to have had similar surgery and baseline 
tumour distribution, according to the peritoneal cancer index. Using CC 0 
patients (R1 resections), a matching process was undertaken where patients 
were matched according to the peritoneal cancer index. A HIPEC/SPIC pair 
was considered matched if the scores were within 3 points of each other and 
a one-to-one matching was performed. 

Patient data were collected from the patient charts (see Paper II in appen-
dix). Ninety-day, treatment-related morbidity was reported according to the 
Common Terminology Criteria for Adverse Events v3.0 and only Grades III 
to V adverse events were registered. Informed consent was obtained from 
each subject in this study and the Uppsala Regional Ethics Board approved 
the study. 

SPIC regimen 
In six patients (37%), treatment was changed on the first day to oxaliplatin 
460mg/m2 intraperitoneally and 5-fluorouracil 500mg/m2 intravenously with 
leucovorin as above and then 5-fluorouracil intraperitoneally with leucovorin 
for the remaining five days. In the remaining patients, treatment was admin-
istered as described in Chapter 4. 
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Table 5.9 – Clinical characteristics at diagnosis of peritoneal carcinomatosis 

Characteristic HIPEC SPIC p-value 
Date of treatment (month/year) 
   First treatment 
   Last treatment 
   Median treatment for the group 

 
1/2004 
4/2008 
1/2007 

 
4/1996 
11/2007 
3/2004 

 
 
 

<0.01 
Gender (Nr. of patients) 
   Male 
   Female 

 
4 

12 

 
9 
7 

0.07 

Mean age, years 53.3 56.3 0.6 
Lymph node status (Nr. of patients) 
   Positive 
   Negative 
   Not reported 

 
13 
1 
2 

 
9 
5 
2 

0.07 

Tumour differentiation (Nr. of patients) 
   Well 
   Moderate 
   Poor 
   Not reported 

 
5 
8 
2 
1 

 
5 
8 
3 
0 

0.9 

Initial pT stage (Nr. of patients) 
   1 
   2 
   3 
   4 
   Not reported 

 
0 
0 
5 

11 
0 

 
0 
1 
4 
11 
0 

0.6 

Peritoneal cancer index 
   Mean value 

 
14.4 

 
13.2 

0.6 

Prior surgical score (Nr. of patients) 
   0 
   1 
   2 
   3 
   Not reported 

 
1 
1 
5 
9 
0 

 
1 
4 
9 
2 
0 

0.06 

Synchronous peritoneal carcinomatosis (Nr. of 
patients) 
   Yes 
   No 

 
 

13 
3 

 
 

11 
5 

 
0.4 

 
 

Abbreviations: HIPEC = hyperthermic intraperitoneal chemotherapy, SPIC = sequential postopera-
tive intraperitoneal chemotherapy. 

HIPEC regimen 
The HIPEC method is described in Chapter 4. HIPEC treatment consisted of 
oxaliplatin 460mg/m2 for 30 minutes intraperitoneally combined with 5-FU 
450-500mg/m2 and leucovorin 25-30mg/ m2 intravenously in 15 patients, or 
mitomycin C 30mg/m2 for 90 minutes with no intravenous chemotherapy in 
one patient. Electrolyte-free glucose (50 mg/ml) was used for oxaliplatin 
perfusion and a low calcium peritoneal dialysis solution PD4 (Dianeal 13.6 
mg/ml, Baxter, Deerfield, IL, USA) was used for mitomycin C. Nine pa-
tients (56%) received additional EPIC for between 1 and 5 days: the mean 
was 2.5 days of EPIC consisting of 5-FU 500mg/m2 given IP daily together 
with leucovorin IV. 
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Results 
According to the IPC database, 98 patients were treated for peritoneal carci-
nomatosis from colon cancer between 1993 and 2008 (no rectal cancers were 
included). After matching according to CC score and PCI, there was a total 
of 16 possible matched pairs. All 16 pairs were included in the study, which 
resulted in 32 patients. 

Table 5.10 – Surgical characteristics for HIPEC and SPIC 

Characteristics HIPEC SPIC p-value 
Mean bleeding volume (ml) 1231 1246 1.0 
Adjusted median operating time (min) 
excluding the HIPEC phase. 

385 384 1.0 

Operating procedures  
   Gastrointestinal resection a 
      Mean/patient 
   Urogenital resection b 
      Mean/patient 
   Peritonectomy c  
      Mean/patient 
      1-3 resections (Nr of patients) 
      4-5 resections (Nr of patients) 
      6-7 resections (Nr of patients) 
   Greater omentectomy 
   Splenectomy 
   Cholecystectomy 
   Small liver resections 
   Miscellaneous d 

 
27 
1.7 
13 
0.8 

 
4.1 
6 
8 
2 
13 
2 
3 
4 
0 

 
29 
1.8 
11 
0.7 

 
3.1 
8 
7 
1 

10 
1 
1 
1 
2 

 
0.3 
0.4 
0.9 
0.7 

 
0.1 

 
 
 

0.2 
0.5 
0.3 
0.1 
0.3 

a Gastric, small bowel, or large bowel resections. b Nephrectomy, ureter/bladder resection, 
hysterectomy, salpingo-oophorectomy, or orchidectomy. c Right iliac fossa, right dia-
phragm, left diaphragm, left iliac fossa, pelvic, visceral and parietal peritonectomy. d Vena 
cava resection and removal of the 12th rib.  
Abbreviations: HIPEC = hyperthermic intraperitoneal chemotherapy, SPIC = sequential 
postoperative intraperitoneal chemotherapy. 

Baseline characteristics, surgery and systemic treatment are presented in 
Tables 5.9 to 5.11. Despite matching, a few statistical differences between 
the HIPEC and SPIC groups were found: date of treatment, pre-operative 
systemic treatment, and exposure to systemic oxaliplatin. 

The median number of SPIC treatments received was four out of the eight 
planned: only three patients received six or more. The most common causes 
for discontinuing the SPIC were tumour progression (31%), catheter prob-
lems (20%, clogged catheter or fluid leak through abdominal wound), toxic-
ity (12%, hepatic or neurotoxicity), or abdominal pain during treatment 
(12%). There was one catheter-induced perforation of the bowel (6%).  All 
HIPEC treatments were completed as planned. 
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Table 5.11 – Systemic chemotherapy comparison between HIPEC and SPIC groups 
(Nr of patients) 

The median follow-up time was 38 months for the HIPEC group and 66 
months for the SPIC group. The HIPEC group survived longer than the SPIC 
group, with a median overall survival of 36 versus 24 months (p=0.01; Fig-
ure 1). The median disease-free survival was also longer for the HIPEC 
group, namely 23 versus 13 months (p=0.02).  

The univariate Cox regression analysis of overall survival included pre-
operative systemic treatment and exposure to systemic oxaliplatin and three 
other factors that were numerically but not statistically different: gender, 
lymph node status, and prior surgical score (data not shown). Three variables 
were significant (p<0.1): treatment with systemic oxaliplatin (HR 0.4), prior 
surgical score 0 (HR 18), and choice of intraperitoneal chemotherapy treat-
ment (HR 0.4). 

In the SPIC group, the Grades III-IV 90-day morbidity was 19% and mor-
tality was 6% (1 patient). For the HIPEC group, the Grades III-IV 90-day 
morbidity was 37% and mortality was 6%. Although morbidity was numeri-
cally higher for HIPEC, it was not statistically significant (p=0.2). In the 
SPIC group there was one re-operation (6%) due to a wound rupture and the 
mortality was due to haemolytic uraemic syndrome. In the HIPEC group 
there were two re-operations (12%), one for postoperative bleeding and one 
for anastomotic leak, and one treatment-associated death due to post-
operative thrombotic cerebral vascular lesion. 

Characteristics HIPEC SPIC p-value 
Chemo prior to surgery 
   One line 
   Two lines 
   Missing data 

13 
12 
1 
0 

7 
7 
0 
0 

0.03 
0.07 
0.3 
1.0 

Chemo after surgery 
   One line  
   Two lines  
   Three lines 

6 
4 
1 
1 

6 
4 
2 
0 

1.0 
1.0 
0.5 
0.3 

No postoperative chemo 
Postoperative missing data 

7 
4 

6 
5 

0.7 
0.3 

Drugs 
   5-fluorouracil 
   Oxaliplatin 
   Irinotecan 
   Bevacizumab 
   Capecitabine 
   Cetuximab 

 
13 
13 
3 
3 
2 
1 

 
11 
6 
1 
0 
2 
0 

 
0.4 

0.01 
0.1 

0.07 
1.0 
0.3 

Abbreviations: HIPEC = hyperthermic intraperitoneal chemotherapy, SPIC = sequential postoperative 
intraperitoneal chemotherapy, Chemo = chemotherapy 
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Discussion 
HIPEC appears to be associated with superior overall survival and disease-
free survival as compared to SPIC. Furthermore, this improved outcome 
comes with no significant increase in morbidity or mortality. However, there 
are several limitations to this trial: primarily the retrospective, non-
randomised design, and the small number of patients. Three factors were 
used in patient selection. First, only colonic cancers were chosen since rectal 
cancer is known to have a worse prognosis. Secondly, only patients with a 

 
   32  27     20      8     4          3    1  0 

  Total numbers at risk 

Figure 5.5 – Overall survival between SPIC and HIPEC. p=0.01 

Abbreviations: SPIC = sequential postoperative intraperitoneal chemotherapy, HIPEC = 
Hyperthermic intraperitoneal chemotherapy 

CC-0 (R1 resection) result were included in the study to give the patients a 
similar starting point. Thirdly, the patients were then matched 1:1 according 
to the PCI score to give the patients matching tumour burdens. This selection 
process left us with a small study size of 32 patients. Due to the relatively 
rare number of procedures each year, it would be difficult to increase the 
study size quickly.  

Although the two study groups were similar, a few differences are diffi-
cult to account for completely. The difference in time of treatment may have 
affected the results in ways that are difficult to account for in the analysis. 
An improvement in skills and technical refinement, reflecting the learning 
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curve, could favour the HIPEC group over the SPIC group. However, one 
study investigating the learning curve of CRS and IPC did not show better 
survival results when considering only R1 resections. The study did show 
that the rate of R1 resection went up during the learning curve and morbidity 
and mortality went down. As our study only includes R1 resections, the 
learning curve should not have affected the results in any substantial way. 

The difference in systemic oxaliplatin treatment could also be a poten-
tially confounding factor. In the univariate Cox proportional analysis, the 
hazard ratio of systemic oxaliplatin was similar to HIPEC and the p values 
were the same (see Paper III). A multivariable analysis would have been 
needed in order to evaluate which factor is more important. However, due to 
the low number of patients (specifically a low number of death events, 21), 
this analysis could not be performed103. As this difference resided mainly in 
the pre-operative setting (Table 5.11), one can compare this situation with 
that of neo-adjuvant oxaliplatin treatment in liver metastasis surgery. The 
benefit of receiving neo-adjuvant oxaliplatin was approximately 7 percent-
age points at 36 months104. It appears unlikely that neo-adjuvant oxaliplatin 
use alone can explain the whole survival benefit in Paper III as the survival 
benefit was in the order of 23 percentage points (Figure 5.5).  

It is difficult to categorically answer the question of whether HIPEC or 
SPIC is better without a randomised control trial. However, there are several 
theoretical and practical differences that support the conclusion that HIPEC 
may be better. Firstly, there is the practical problem of completing SPIC 
treatments (median number of SPIC treatments were 4 out 8 planned). This 
is something that a recent ovarian cancer trial with SPIC treatment experi-
enced (86 out 170 received all the treatments)73. Nonetheless, this trial 
showed a clear benefit with SPIC treatment over systemic treatment. No trial 
comparing SPIC and HIPEC has been performed in ovarian cancer, and this 
may be interesting to do considering the results of Paper III. Secondly, there 
is the theoretical problem of tumour cell entrapment that occurs due to adhe-
sions post-operatively which may inhibit adequate drug distribution during 
SPIC. Thirdly, SPIC cannot be augmented with hyperthermia, which theo-
retically enhances the effect of the chemotherapeutic drug. 

In conclusion, this small retrospective study indicates that HIPEC is asso-
ciated with improved overall and disease-free survival compared to SPIC at 
similar morbidity and mortality.  
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5.4 Chemo-sensitivity profiles in PM 
Paper IV: Activity ex vivo of cytotoxic drugs in patient samples of peritoneal carcinomatosis 

with special focus on colorectal cancer 

With further reference to the aspect of IPC treatment, another area investi-
gated in this thesis was the choice of chemotherapeutic drug. Currently, there 
are two main competing drugs for colorectal PM, mitomycin C and ox-
aliplatin. However, a growing number of drugs are now available. To design 
clinical trials testing all possible drug choices is not a feasible research direc-
tion. Instead, the testing of tumour cell chemo-sensitivity ex vivo may be a 
more feasible alternative, where drugs with good sensitivity can then be in-
cluded in confirmatory clinical trials. There were two aims in this chemo-
sensitivity study: first, to investigate differences in chemo-sensitivity accord-
ing to various PM tumour types including individual variability; second, to 
investigate differences in clinical outcome depending on chemo-sensitivity 
within the subset of colorectal cancer. 

Materials and methods 

Patients, tumour sampling and cell preparation 
Tumour sampling of patients with PM from cancer of the appendix, co-
lon/rectum, or with PM from pseudomyxoma peritonei (PMP) or meso-
thelioma was performed intra-operatively during cytoreductive surgery prior 
to IPC. A 1 cm3 of tumour tissue was removed for analysis. Some patients 
(n=15) did not receive IPC after sampling due to non-resectable disease. 
Leukaemia sampling was by vein puncture in untreated patients during rou-
tine blood sampling and MNCs were prepared from buffy coats from healthy 
blood donors. The study was approved by the regional ethics board in Upp-
sala.  

Tumour cells from solid tumour tissue were prepared by mincing the tis-
sue to mm3 pieces followed by collagenase digestion as previously de-
scribed.95 Leukaemia cells and MNCs were collected by centrifugation and 
purification on Ficoll-Hypaque gradients (Pharmacia, Uppsala, Sweden).94 

The cells obtained from the solid tumours were single cells or small cell 
clusters with ≥ 90% viability and with less than 30% contaminating non-
malignant cells, as judged by morphological examinations of May-
Grünwald-Giemsa-stained cytocentrifugate preparations. The cells were 
washed and re-suspended in complete culture medium prior to seeding onto 
culture plates. 
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Approximately 85% of all samples obtained fulfilled the criteria for a 
successful assay (see below) and were included in this study. The numbers 
and types of samples included are detailed in Table 1.  

Drugs and measurement of chemo-sensitivity 
The established cytotoxic drugs melphalan (Mel; GlaxoSmithKline, Stock-
holm, Sweden), cisplatin (Cisp; Bristol-Myers Squibb, Stockholm, Sweden), 
oxaliplatin (Oxali; Sanofi-Synthelabo, Stockholm, Sweden), doxorubicin 
(Dox; Pfizer, Stockholm, Sweden), docetaxel (Doce), 5-fluorouracil (5FU; 
Roche, Stockholm, Sweden), mitomycin C (MitC; Bristol-Myers Squibb) 
and irinotecan (Irino; Pfizer) were from commercially available clinical 
preparations and were diluted according to instructions. The drugs were 
tested at three 10-fold dilutions from the maximal concentration (µM) of 100 
for Mel, 100 for Cisp, 100 for Oxali, 10 for Dox, 100 for Doce, 1000 for 5-
FU, 100 for MitC and 1000 for Irino.  

The semi-automated fluorometric microculture cytotoxicity assay 
(FMCA), described in detail previously, was used to assess chemo-
sensitivity.75 The method is based on the measurement of fluorescence gen-
erated from hydrolysis of fluorescein diacetate (FDA) to fluorescein by cells 
with intact plasma membranes. 384-well microplates (Nunc) were prepared 
with 5 µl drug solution in 10 times the final drug concentration using the 
pipetting robot BioMek 2000 (Beckman Coulter). The plates were then 
stored at -70ºC until further use. 

Tumour cells from patient samples (5,000 cells/well for the PM samples 
and 40,000 cells per well for leukaemia and MNC) in 45 µl were seeded in 
the drug-prepared 384-well plates using the pipetting robot Precision 2000 
(Bio-Tek Instruments Inc., Winooski, VT). Three columns without drugs 
served as controls and one column with medium only served as a blank.  

The culture plates were then incubated at 37°C in a humidified atmos-
phere containing 95% air and 5% CO2. After 72 hour incubation, the culture 
medium was washed away and 50 μl/well of a physiological buffer contain-
ing 10 μg/ml of the vital dye fluorescein diacetate (FDA) were added to con-
trol, experimental and blank wells. After incubation for 30 - 45 minutes at 
37°C, the fluorescence from each well was read in a Fluoroscan 2 (Labsys-
tems OY, Helsinki, Finland).  

Quality control and quantification of results 
Quality criteria for a successful assay were: ≥ 70% tumour cells in the cell 
preparation prior to incubation and/or on the assay day, a fluorescence signal 
in control cultures of ≥ five times mean blank values, and a coefficient of 
variation of cell survival in control cultures of ≤ 30%. The results obtained 
by the viability indicator FDA are presented as survival index (SI), defined 
as the fluorescence of the test expressed as a percentage of control cultures, 
with blank values subtracted.     
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Dose-response SI data were used to calculate the 50% inhibitory concen-
trations, the drug concentration producing an SI of 50%, (IC50). This was 
done using non-linear regression to a standard sigmoidal dose-response 
model. Data are presented as mean values ± SE for the number of experi-
ments/samples indicated. The IC50 data were compared to the maximum 
concentrations reached at IPC (Cmax) of each respective drug as reported in 
the literature. 

Clinicopathological analysis of patients with peritoneal carcinomatosis 
of colorectal origin 
All patients with PM from colorectal cancer (CRC) with a successful FMCA 
analysis were included in an analysis on the relationship of the ex vivo drug 
sensitivity to clinico-pathological variables and time to tumour progression 
(TTP). Histopathological data concerning lymph node positive status, tu-
mour grading, mucinous status, and signet cells were collected from the 
pathological report of the primary tumour resection. The following clinical 
data were collected: date and cause of death, time to disease progression, 
completeness of cytoreduction score (CC), type of IPC treatment (HIPEC or 
SPIC), systemic chemotherapy prior to cytoreductive surgery and use of 
adjuvant systemic chemotherapy after CRS and IPC. TTP was selected as 
the outcome measure clinically most relevant when investigating the correla-
tion between ex vivo drug sensitivity and clinical outcome. There were 27 
patients with a CC score of 0 receiving IPC treatment. Data were missing on 
recurrences in four patients and so the analysis was possible in 23 patients. 
In line with previous principles for the correlation of ex vivo drug sensitivity 
to clinical outcome,95 patients were scored as ex vivo ‘sensitive’ (n=15) if 
they were treated (during IPC) with at least one drug with an IC50 value be-
low the median for the whole study cohort and as ex vivo ‘resistant’ (n=8) if 
they had received only drugs whose IC50 values were all above the median. 

Results 

Patient samples 
As detailed in Table 5.12, a total of 174 tumour samples from patients who 
underwent surgery for PM fulfilled the quality criteria and were analysed for 
drug sensitivity. The majority of patients had PMP or CRC and the majority 
of samples were from patients previously treated with chemotherapy. A total 
of 24 samples from patients with acute myelocytic or chronic lymphocytic 
leukaemia were included to provide a contrasting reference of sensitive tu-
mour cell types, and 44 samples of normal mononuclear cells were included 
to provide a normal cell reference. The clinical characteristics for the CRC 
patient sample subgroup are detailed in Table 5.13. 
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Chemo-sensitivity ex vivo 
Figure 5.6 details the chemo-sensitivity, expressed as IC50 values of different 
PM tumour types and the reference cell types. Samples from CRC demon-
strate relatively high drug resistance compared to the other PC tumour types, 
with the exception of the key CRC drug 5-FU. Mesothelioma was generally 
surprisingly sensitive. 

Based on the IC50 values and the IP concentrations of each drug reached 
during IPC as reported in the literature, the ratios between the IP concentra-
tions and the IC50 values were calculated for each drug and PM diagnosis 
(Table 5.14). In theory, high ratios would be most beneficial. Across all di-
agnoses, the most beneficial ratio was clearly observed for oxaliplatin and 
especially so in mesothelioma and ovarian cancer. Based on these ratios the 
preferable drug for IPC in PM in the diagnoses investigated is suggested to 
be oxaliplatin.  

Figure 5.7 displays the great variability in ex vivo drug sensitivity be-
tween individual samples of CRC. Some samples were essentially unaffected 
by the highest drug concentrations tested whereas tumour cells from other 
samples showed decreased viability even at the lowest concentration tested.  

Ex vivo chemo-sensitivity vs. clinico-pathological factors for the 
colorectal cancer subgroup 
The colorectal cancer subgroup consisted of 52 patients. There were 15 
open-and-close patients who did not undergo CRS and IPC. Out of the re-
maining 37 patients, seven patients received SPIC and 30 patients received 
HIPEC (Table 2).  

Table 5.12 – Number of patient samples included in the analyses. Treated/untreated 
refers to whether the patients sampled had previously received chemotherapy 
(treated) or not (untreated). 

Cell type Treated 
(n) 

Untreated  
(n) 

Total  
(n) 

Pseudomyxoma 24 48 72 

Mesothelioma 7 8 15 

Appendix 11 5 16 

Colorectal 39 13 52 

Ovarian 15 4 19 

AML 6 6 12 

CLL 0 12 12 

MNC NA NA 44 

Abbreviations: AML = acute myeloblastic leukaemia, CLL = chronic lymphocytic leukaemia, MNC = 
mononuclear cells, NA = not applicable. 
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Details concerning the mean IC50 values of each drug according to differ-
ent histopathological categories in the CRC subgroup are displayed in Paper 
IV (see appendix). Mucinous tumours generally had higher IC50 values than 
non-mucinous and this was statistically significant or nearly significant for 
cisplatin (30 versus 14 µM, p=0.048) and irinotecan (184 versus 81 µM, 
p=0.07). Lymph node status at initial diagnosis, tumour grade or signet ring 
cell type cancer did not consistently affect drug sensitivity. Importantly from 
the clinical point of view, there were essentially no differences in drug sensi-  

 

tivity between CRC PM samples from patients previously exposed to cyto-
toxic drugs and from those being treated with no prior exposure.  

Analysis of prognostic impact from histopathology variables and drug 
sensitivity according to a Kaplan-Meier survival analysis and a multivariable 

Table 5.13 – Clinical characteristics of the CRC subgroup of 52 patients. 
 

Characteristics (numbers, except 
 For age, years and PCI score) 

Colorectal  
cancer 

Age – mean years (95% CI) 
Gender – Male/Female 
IPC administered  
     SPIC  
     HIPEC  
          Oxaliplatin  
          Oxaliplatin+irinotecan  
PCI – mean (95% CI) 
CC score 
     0  
     1 
     2  
     3  
Diagnosis 
     Colon  
     Rectum  
Pre-operative chemo 
     Oxaliplatin/5-FU ± bev 
     Oxaliplatin/5-FU + cet 
     Oxaliplatin/capecitabine ± bev 
     Irinotecan/5-FU + bev 
     Capecitabine 
     5-FU alone                   
Adjuvant systemic chemo  
     Oxaliplatin/5-FU ± bev 
     Irinotecan/5-FU ± bev 
     Capecitabine 
     5-FU alone 
     Missing data on drug 

55 (51-59) 
21/31 
37 
7 
30 
12 
18 
21 (18-24) 
 
27 
5 
4 
16 
 
5 
47 
39 
30 
1 
4 
1 
1 
2 
15 
8 
2 
1 
1 
3 

Abbreviations: CRC = colorectal cancer, PCI = peritoneal cancer index, IPC = intraperitoneal chemo-
therapy, SPIC = sequential postoperative intraperitoneal chemotherapy, HIPEC = hyperthermic intrap-
eritoneal chemotherapy, CC = completeness of cytoreduction, Chemo = chemotherapy, Bev = bevaci-
zumab, Cet = cetuximab 
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Cox regression model are detailed in Paper IV. After adjustment for various 
prognostic factors in a multivariable model, sensitivity to doxorubicin, syn-
chronous PM and macroscopically radical surgery were independently asso-
ciated with longer TTP.  

Paper IV details the results of the analysis of the direct relationships be-
tween drug sensitivity ex vivo and TTP in individual CRC PM (see Appen-
dix). The Kaplan-Meier curves essentially overlap each other and do not 
differ in any statistically significant way.   

Discussion 
The FMCA analysis was previously shown to be successful in identifying 
clinically relevant drugs to use in certain haematological malignancies 
(AML and CLL) and ovarian cancer94,95. In these studies, correlations were 
found between the ex vivo chemo-sensitivity and clinical outcome. This 
study aimed to investigate different PM tumour types and their chemo-
sensitivity with a special focus on colorectal cancer. Some interesting pat-
terns could be discerned.  

In the PMP patients, the drug docetaxel appeared to be of interest with 
low IC50 values. As this drug is not usually administered in this patient 
group, it might be of benefit to further investigate the clinical implications. 
Mesothelioma was surprisingly sensitive to most drugs. Cisplatin had par-
ticularly low IC50 values compared to AML and CLL, which fits with the 
fact that cisplatin is currently the drug of choice for both IPC and systemic 
treatment109. Appendiceal adenocarcinomas appeared to follow the same 
pattern as CRC. Therefore, treating these two entities with similar drugs 
appears to be a good standard to follow as regards chemo-sensitivity. 

In Table 5.14, a ratio was produced between Cmax values found IP in pa-
tients and IC50 values ex vivo for the standard drugs according to PM tumour 
types. Interestingly, oxaliplatin had the best ratio profile across all PM tu-
mour types. In the colorectal subgroup, MMC had only a ratio of 1.5 but 
oxaliplatin had 18.5. This indicates that the concentration levels achievable 
in vivo for oxaliplatin are more favourable than for MMC. However, this 
also depends on what the main endpoint is. If exposure time is of greater 
importance, then the 30-minute oxaliplatin perfusion may not be optimal as 
the MMC perfusion is 90 minutes; yet if peak concentration is most impor-
tant for efficacy, then the oxaliplatin perfusion is preferable due to the ratio 
demonstrated in Table 5.14. The FMCA chemo-sensitivity testing is per-
formed over an incubation period of 72 hours. However, a recent study of 
the pharmacokinetics of doxorubicin demonstrated that the drug concentra-
tion in the tumour nodule increased rapidly during the first 15 to 30 minutes 
of the perfusion and thereafter, only a marginal increase in tumour nodule 
drug concentration was observed.  
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Figure 5.6 - IC50 values for standard drugs in all peritoneal carcinoma samples in-
vestigated divided for the subtypes indicated. Results are presented as means values 
+ SE. Statistical inference was calculated with 1-way ANOVA with Dunnet’s post-
test and with the colorectal cancer samples as reference. *, ** and *** denote P < 
0.05, 0.001 and 0.0001 vs. colorectal samples, respectively. 
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Figure 5.7 – Tumour cell sensitivity, expressed as survival index (SI %) of the colo-
rectal cancer samples for the indicated standard cytotoxic drugs. The curves repre-
sent the non-linear regression lines calculated for all individual samples included. 
The dots are individual patient data points that together with the individual curves 
illustrate the great variability in drug sensitivity between individual samples. 
 

Table 5.14 – Ratio between in vivo IPC Cmax and ex vivo IC50 values. 

Cmax
 a IC50  

CRC 
µM 

Cmax 
/IC50  
CRC 

IC50  
Meso 
µM 

Cmax 
/IC50   
Meso 

IC50  
PMP 
µM 

Cmax 
/IC50   
PMP 

IC50  
App 
µM 

Cmax 
/IC50  
App 

IC50  
Ova 
µM 

Cmax 
/IC50  
Ova 

Oxa105 
573µMc  
Cisb 
92µMc 
MMC106 
30µMc  
Iri107 
197µMc 

Dox108 
17µMc 

 
31 
 
23 
 
20 
 
139 
 
2.8 

 
18.5 
 
4.0 
 
1.5 
 
1.4 
 
6.1 

 
12 
 
8 
 
5 
 
75 
 
0.9 

 
47.7 
 
11.5 
 
6 
 
2.6 
 
19.1 

 
29 
 
25 
 
16 
 
290 
 
2.0 

 
19.9 
 
3.7 
 
1.9 
 
0.7 
 
8.6 

 
35 
 
30 
 
19 
 
150 
 
2.3 

 
16.4 
 
3.1 
 
1.6 
 
1.3 
 
7.5 

 
15 
 
9 
 
8 
 
100 
 
1.2 

 
38.2 
 
10.2 
 
3.7 
 
2.0 
 
14.3 

a Maximum concentration achieved at the beginning of the IPC treatment. 
b Submitted Cashin et al. 
c HIPEC dosage: oxa - 460 mg/m2, cis - 50 mg/m2, MMC - 35 mg/m2, Iri – 350 mg/m2, Dox – 15 mg/m2 
Abbreviations: IPC = intraperitoneal chemotherapy, CRC = colorectal cancer, Meso = mesothelioma, 
PMP = pseudomyxoma peritonei, App = appendix cancer, Ova = ovarian cancer, Oxa = oxaliplatin, Cis = 
cisplatin, MMC = mitomycin C, Iri = irinotecan, Dox = doxorubicin, N/A = not available, HIPEC = 
hyperthermic intraperitoneal chemotherapy 
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Variability between individuals was very wide, ranging from no cell death 
to almost complete cell death (Figure 5.7). This argues for the use of a more 
individual approach to drug selection. As the FMCA test only takes 3 days to 
complete, it would be feasible to take tissue samples during a laparoscopic 
staging of the disease and send it for analysis. When the FMCA test is com-
plete, the drug to be used during IPC and for adjuvant chemotherapy could 
be based on the chemo-sensitivity results. While this type of testing has ex-
isted for 30 years, well designed clinical trials evaluating clinical benefits are 
few, sub-optimally designed and do not, as yet, allow firm conclusions.110 

The second aim of this study was focused on the subgroup of colorectal 
cancer with 52 patients. Mucinous colorectal tumours appeared to be gener-
ally more resistant to the standard drugs than non-mucinous tumours. Fur-
thermore, previously pre-treated patients did not have higher IC50 values 
than chemotherapeutically naïve patients. However, due to the rather small 
group size, it is hard to draw any conclusions. It would be better to do a 
paired data analysis where biopsies for FMCA analysis are taken before and 
after chemotherapy administration in the same patient. As such, further stud-
ies are needed to evaluate whether FMCA can successfully detect chemo-
therapy resistance development. 

We tried to elucidate the predictive properties of the FMCA analysis for 
the benefit of IPC. No difference was found between “sensitive” and “resis-
tant” patients. However, the analysis suffers from major methodological 
problems related to the limited and heterogeneous data available. This ren-
dered the analysis essentially inconclusive. Thus, a greater number of pa-
tients is needed to better clarify this issue. Additional patients are to be 
added to allow such analysis in the near future. 

Lastly, a prognostic univariate and multivariable Cox regression model 
was conducted in the colorectal subgroup. In this analysis, doxorubicin ap-
peared as a unique independent prognostic factor for overall survival. This 
might well be a chance finding and it is not based on any clear tumour biol-
ogy explanation. However, one may speculate that doxorubicin drug sensi-
tivity could indicate CRC tumour cell susceptibility to cancer drugs or that 
sensitivity to doxorubicin is associated with less aggressive tumour biology. 

In conclusion, this study resulted in a number of important observations. 
The use of docetaxel in systemic treatment of PMP may be worth exploring 
further. Cisplatin treatment of mesothelioma appears to be a good choice. 
Oxaliplatin appeared to have the most favourable profile for IPC treatment 
of colorectal PM and may even be preferable in other PM tumour types as 
well. Furthermore, mucinous CRC appears more resistant to standard drugs 
than non-mucinous CRC. IC50 values from the FMCA analysis could not 
predict the clinical outcome in the small group of CRC patients available for 
correlation. Lastly, doxorubicin sensitivity may have an independent prog-
nostic value for overall survival in CRC. 
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6 General discussion 

Peritoneal metastases (PM) and intraperitoneal chemotherapy (IPC) from 
colorectal cancer are growing areas of research. From being a terminal ill-
ness, it has now become a potentially curable disease with a treatment gain-
ing acceptance in the medical community, which is a definite paradigm shift. 
Where PM previously has been considered a generalised form of cancer, it is 
now being considered a loco-regional disease occurrence amenable to surgi-
cal treatment with curative intent. The aim of this thesis was to investigate 
various aspects of the CRS and IPC treatment of colorectal PM in order to 
optimise the treatment outcome and facilitate this paradigm shift from sys-
temic treatment of a generalised disease to a loco-regional surgical treatment 
of CRS and IPC. 

As mentioned in section 2.5, one of the latest reviews concerning CRS 
and IPC treatment concluded that this treatment option should continue to be 
offered but preferably in the setting of Phase III randomised control trials81. 
This is a clear indication that the medical community is not yet ready to 
completely accept CRS and IPC as a treatment option for colorectal PM. Of 
course, not all medical or surgical oncologists necessarily agree with the 
conclusion in the review article; but nonetheless, contention remains. Three 
aspects of the treatment were brought forth in section 2.5 (Table 2.2) – as-
pect of outcome analysis, patient selection, and intraperitoneal chemotherapy 
(methodology and chemo-sensitivity). It has been the intention of this thesis 
to address these issues in the hopes that it will alleviate some of the conten-
tion still brewing, and hopefully also provide a better picture of the useful-
ness of this treatment. 

Outcome analysis 
The first aspect addressed was that of outcome analysis. It has been quite 
clear that very few centres have published their open-and-close cases. Saying 
to a patient that if they have resectable disease, and if their PCI score is not 
too high, and if no complications occur (so that HIPEC is administered); 
then you will have a good prognosis, is not going to help in the decision-
making process for the patient. For them, open-and-close may be a reality. 
What is the chance of that happening? What is the prognosis then? This is 
dealt with in a randomised trial as all patients randomised to CRS and IPC 
are in the surgery arm even if the patient is an open-and-close case.  
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As mentioned earlier, the randomised trial of CRS and IPC (with adjuvant 
systemic chemotherapy) versus systemic chemotherapy alone had 5 patients 
(9%) that did not receive IPC (HIPEC).  The median overall survival (OS) 
was 22.2 months with 20% five-year OS in the HIPEC arm versus 12.6 
months and 9% five-year OS in the systemic treatment arm111. One other 
observational study reported results with all their HIPEC candidates (18% 
did not receive HIPEC). Their median OS was 29 months (no five-year sur-
vival reported)67. Paper I in this thesis with 15% open-and-close cases had 
24 months median OS with 20% five-year OS. There are few prospective 
studies on modern oxaliplatin/irinotecan based treatments (with or without 
biologic therapy) for PM. These patients are often not included in studies of 
advanced CRC as there is often no clear measurable disease on radiology. 
However, recently a population-based study was published revealing that the 
median survival of isolated synchronous colorectal PM is 7-8 months.6 
However, limiting the analysis to only those receiving systemic chemother-
apy, then the median OS ranged from 11-19 months.6 The 4 year OS (200 
weeks) was just above 10%.  

These differences in favour of HIPEC may not seem so impressive at 
first. However, the real measure of interest here is the disease-free survival 
(DFS) which is a measure of the curative potential of a treatment. A large 
retrospective study of advanced colorectal (n=1508) treated with modern 
systemic chemotherapy regimens reached a 6% complete response rate, and 
patients with complete responses had a median survival of 44-47 months97. 
Therefore, one can infer that the five-year DFS out of 1508 patients was at 
most 2-3%. As it is unclear how many patients had PM, the comparison here 
is not optimal, but it is clear that complete responses using systemic chemo-
therapy alone are rather uncommon in metastatic CRC. Patients in Paper I 
had a five-year DFS of 15% in the whole cohort and 32% in the HIPEC pa-
tients. These results, while not completely conclusive, give a clear picture of 
the curative potential in the CRS and IPC treatment option which does not 
exist in the systemic treatment option.  

Considering these differences, the feasibility of recruiting patients to 
more Phase III randomised trials is very low. In fact, one previous attempt at 
a randomised trial has already failed82. From the aspect of treatment out-
come, patients with colorectal PM should be evaluated for possible treatment 
with CRS and IPC as a part of healthcare routines for colorectal cancer. 

Paper I also reported the outcome results of additional surgical interven-
tions of isolated recurrences after prior complete CRS. There appears to be a 
survival benefit with further aggressive therapy when it is possible to per-
form it. The patients benefiting from further such treatment had most often 
developed the isolated recurrences 12 months after complete CRS. Earlier 
studies have shown that early recurrences (within 1 year) is a marker for 
poor prognosis if going for further aggressive surgical therapy and as such it 
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may be a relative contraindication to continue such therapy in patients with 
early recurrences.84 

Patient selection 
The second aspect of the treatment was patient selection. While some new 
reports are coming on improved imaging of the peritoneum (e.g. dynamic 
contrast enhanced MRI)99, there has typically been a lack of good imaging 
techniques for the peritoneum. This is also reflected in the first aim of Paper 
II reviewing the patient selection process at the Uppsala Centre. During a 
four year period, only two patients were excluded due to the radiological 
extent of the PM. Undoubtedly, the images of the CT scan play a roll in the 
mind of the surgeon when deciding to accept a patient for treatment, even if 
the main deciding factor is the performance status. Therefore, this result 
underestimates the value of radiology in the patient selection process. How-
ever, it is clear that defining resectable PM is a rather difficult task for radi-
ology. A recent article estimated that the CT scan missed 12% of clinically 
relevant severe carcinomatosis98. The study concluded that this was a modest 
insufficiency, but is a 12% open-and-close rate acceptable (assuming one 
would exclude severe carcinomatosis from treatment)? It certainly isn’t 
much of an improvement on the current open-and-close rate of 15% in Paper 
I. 

The second aim in Paper II was to develop a patient selection score to aid 
in the patient selection process. The colorectal PM (Corep) score was devel-
oped and validated against a second data set. A score ≥ 6 identified patients 
living <12 months with 80% sensitivity, 100% specificity, 100% positive 
predictive value, and 93% negative predictive value. This score is unique 
from earlier scores as it relies on laboratory data and represents a tumour 
biological perspective. The peritoneal surface disease severity score is 
probably the most published prognostic score101,112,113. This score is depend-
ent upon symptoms, abdominal involvement (PCI), and histopathology. The 
PSDS score stratifies patients well, but approximately 35% of patients in 
stage IV appear to be alive around the two year mark101. Therefore, it ap-
pears not to be an optimal score for patient selection purposes. 

The Corep score identified 68% of the open-and-close cases in the inter-
nal application and external validation of the score. Furthermore, excluding 
patients with Corep ≥ 6 would have increased the median OS from 28 to 34 
months, a 25% increase in survival. As such, the Corep score may prove to 
be a powerful tool with which to augment the patient selection process, but 
its clinical use needs to be defined in larger prospective studies. 
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Intraperitoneal chemotherapy: methodology and chemo-
sensitivity 
The third aspect reviewed in this thesis is the aspect of intraperitoneal che-
motherapy. Two areas were chosen for further investigation, the method of 
administration and the choice of drugs. The method of administration for 
colorectal PM has been dominated by HIPEC. However, SPIC treatment has 
dominated ovarian PM. Therefore, HIPEC and SPIC were studied in a retro-
spective case-control study. The results of Paper III indicated that HIPEC 
was associated with a survival benefit over SPIC at similar morbidity and 
mortality. Therefore, until further data on SPIC changes this paradigm, 
HIPEC should be the preferred method of choice for administering intraperi-
toneal chemotherapy. However, the results after SPIC appear to be superior 
to conventional systemic treatment suggesting that SPIC might still have 
clinical value as an alternative when HIPEC can not be delivered. 

Even if HIPEC is the preferred method, it is still far from standardised 
and one of the current differences is the choice of drug to use. Oxaliplatin 
and mitomycin C are the main competing choices. This leads us to a second 
area of intraperitoneal chemotherapy investigated concerning the choice of 
chemotherapeutic drug. In Paper IV, a study was conducted investigating 
chemo-sensitivity ex vivo using fluorometric microculture cytotoxicity as-
says (FMCA). The FMCA results come as IC50 values which are the concen-
tration level at which 50% of the tumour cells die during a 72 hour incuba-
tion period. Colorectal PM tumour samples were compared to pseudo-
myxoma peritonei, mesothelioma, appendiceal adenocarcinomas, ovarian 
cancer, and haematological malignancies - acute myeloid leukaemia (AML) 
and chronic lymphatic leukaemia (CLL). 

A few interesting findings were made concerning the colorectal PM sub-
group. One finding was that mucinous tumours were more resistant (higher 
IC50 values) than non-mucinous tumours. A second finding concerned the 
IC50 values for oxaliplatin and mitomycin C. As mentioned in the summary 
discussion (section 5.4), the concentration levels of oxaliplatin attained in 
vivo during HIPEC are 18 times greater than the IC50 value ex vivo, whilst 
levels attained with mitomycin C in vivo are a mere 1.5 times greater than 
the IC50 value ex vivo. Paper IV gives a rationale at the theoretical level to 
choose oxaliplatin instead of mitomycin C. However, a confirmatory clinical 
trial would be needed to ascertain if there is a truly clinically relevant differ-
ence in treatment results. 

Chemo-resistance may also be one of the reasons why patients with a suc-
cessful surgery (CC score 0) and HIPEC still recur in the abdomen. The mi-
croscopic disease is just not adequately eradicated. Using chemo-sensitivity 
profiles for choosing a tailored treatment approach may improve survival in 
patients. Such a trial is now under consideration at the Uppsala centre. 
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6.1 Conclusions 
1. Treatment outcome  

o In Paper I, a five-year DFS between 15% and 32% was 
possible depending on the clinical situation. Therefore, 
the curative potential of the treatment of colorectal PM 
by CRS and IPC is established.  

2. Patient selection 
o In Paper II, the CT scan is inadequate for selection of pa-

tients according to the extent of colorectal PM. A new 
prognostic score (Corep) may be able to augment radiol-
ogy in the patient selection process. 

3. Intraperitoneal chemotherapy 
o Method of administration (HIPEC vs. SPIC) 

 In Paper III, HIPEC is associated with better sur-
vival than SPIC at similar morbidity and mortality. 
With current knowledge, HIPEC is the preferred 
method of IPC. 

o What to administer (Chemo-sensitivity) 
 In Paper IV, the wide variability in chemo-

sensitivity in CRC tumour samples supports the no-
tion that an individual approach to drug selection 
may be beneficial. The chemo-sensitivity to ox-
aliplatin vs. MMC as compared to the IP concentra-
tions achieved clinically supports the use of ox-
aliplatin in colorectal PM over MMC.  
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7 Svensk sammanfattning 

7.1 Bakgrund 
I Sverige insjuknar cirka 6000 personer i tjock- och ändtarmscancer varje 
år.5 De senaste åren har incidensen ökat men samtidigt har dödligheten 
minskat1 Tjock- och ändtarmscancer kan sprida sig till andra organ och 
ibland har det redan skett när diagnosen ställs (så kallad synkron sjukdom) 
eller så kan det ske genom ett återfall efter att modertumören har avlägsnats 
(så kallad metakron sjukdom). En eventuell spridning fångas i en av de ru-
tinkontroller som sker regelbundet under en femårsperiod efter insjuknandet. 
När fler än ett organ drabbas av spridning betecknas sjukdomen förenklat 
sett som generaliserad. Om spridningen däremot är lokaliserad till bara ett 
organ kan sjukdomen ibland betecknas som lokoregional och då kan det vara 
aktuellt med fortsatta kirurgiska ingrepp. De organ som oftast drabbas är 
lever, lunga och bukhinna. Cirka 4,3 % av alla former av tjock- och änd-
tarmscancer utvecklar isolerad spridning till bukhinnan vilket inkluderar 
synkron och metakron sjukdom. Det är ungefär 260 fall per år i Sverige.  

Tidigare har bukhinnespridning inte ansetts vara en lokoregional sjukdom 
utan generaliserad. Man ansåg att bukhinnan var för diffus som organ och 
prognosen var mycket dålig, med median överlevnad på under ett år. De 
senaste 15 åren har en alternativ behandling vuxit fram. Behandlingen utgår 
från att bukhinnespridning är en lokoregional sjukdom. Man opererar bort all 
synlig tumörvävnad (cytoreduktiv kirurgi) och sköljer buken med cytostatika 
efteråt (intraperitoneal cytostatika). Denna kombinationsbehandling har visat 
goda resultat i observationsstudier. Det finns dock fortfarande en del invänd-
ningar mot behandlingen. Den främsta anledningen till att man intar en re-
serverad inställning till behandlingen är bristen på aktuella randomiserade 
studier. 

Denna avhandling lyfter fram tre aspekter av kombinationsbehandlingen 
cytoreduktiv kirurgi och intraperitoneal cytostatika. Syftet är att belysa vissa 
problem som ännu inte har besvarats av forskningen och därigenom hitta sätt 
att optimera behandlingsmetoden.  

Första aspekten är överlevnadsanalysen. Få studier har publicerat sina 
”öppna och stäng” patienter (det vill säga, de patienter som man tar till ope-
ration men sedan väljer att ”stänga” utan åtgärd på grund av alltför omfat-
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tande tumörväxt). För att delvis komma åt selektionsbias inom detta område 
har delarbete I undersökt resultat från samtliga patienter som kommit till 
operationsbordet oavsett kirurgisk resultat. På detta sätt får man en god över-
blick över den verkliga prognosen när man remitterar en patient. 

Den andra aspekten är patientselektionen. I delarbete II har man studerat 
selektionsprocessen och utvecklat en prognostisk poängskala som ett verktyg 
för att bättre värdera risken i förhållande till nyttan av att genomgå det om-
fattande ingreppet. 

Den tredje aspekten gäller den intraperitoneala, cytostatika delen. Här 
finns mycket kvar att värdera inom forskningen. Två områden som valdes 
inom ramen för denna avhandling är metodiken och val av cytostatika dro-
ger. Vad gäller metodiken så har delarbete III jämfört två metoder att admi-
nistrera den intraperitoneala cytostatikan – hyperterm intraperitoneal cytosta-
tika (HIPEC) eller sekventiell postoperativ intraperitoneal cytostatika 
(SPIC). Vad gäller val av droger vid intraperitoneal cytostatika har delarbete 
IV tittat på cytostatika-känslighetstester. Genom att ta tumörvävnad från 
patienter och skicka på cytostatika-känslighetsanalys kan man få ett värde 
som anger hur känslig den specifika tumören är för de olika cytostatika. Teo-
retiskt är det tilltalande att välja cytostatikum efter tumörens känslighet. 
Delarbete IV var en hypotesgenererande studie vars syfte var att kartlägga 
om det finns vissa droger som är bättre lämpade än andra för bukhinnespridd 
tjock- och ändtarmscancer. Dessa droger skulle sedan kunna användas i 
framtida randomiserade kliniska studier. 

7.2 Kort sammanfattning av delarbeten 

Delarbete I - överlevnadsanalys 
Delarbete I inkluderade alla patienter som har kommit till operation på grund 
av bukhinnespridd tjock- och ändtarmscancer, oavsett kirurgiskt resultat och 
oavsett om patienten stängdes utan åtgärd. Man samlade in klinisk data och 
laboratoriedata för analys. I datainsamlingen hade man ett särskilt fokus på 
behandling av återfall i lever och bukhinnan . 

Medianöverlevnaden i hela gruppen var 24 månader med fem års över-
levnad på 20 % och fem års sjukdomsfri överlevnad på 15 %. Subgruppen 
som fick HIPEC-behandlingen hade ännu bättre resultat med 34 månader 
medianöverlevnad och fem års överlevnad på 40 %, med fem års sjukdoms-
fri överlevnad på 32 %. Sjukdomsfri överlevnad efter fem år brukar vara den 
konventionella gränsen för bot. Således botas i snitt var tredje patient som 
har fått behandling med HIPEC. Patienter som fick återfall i levern och i 
bukhinnan och som fick fortsatt aggressiv kirurgisk intervention hade bättre 
medianöverlevnad än de som fick systemiska cytostatika, 25 månader mot 
10 månader. Långtidsöverlevnad och bot är möjligt med denna nya kombina-
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tionsbehandling. Särskilt bra var resultaten från HIPEC-gruppen. Även om 
selektionsbias gör att man inte kan dra direkta slutsatser kring skillnaden 
mellan aggressiv intervention och palliativ systemiska cytostatika vid nya 
återfall, så är överlevnaden i sig imponerande med tanke på sjukdomsförlop-
pet. Således ska patienter med isolerade återfall av sjukdom vara föremål för 
kirurgisk utvärdering då fortsatt långtidsöverlevnad är möjlig i vissa fall.  

Delarbete II - patientselektion 
I delarbete II har man under en fyra-års period (2005-2008) inkluderat alla 
patienter som remitterats för eventuell kombinationsbehandling av bukhin-
nespridd tjock- och ändtarmscancer. I den grupp som nekades behandling 
registrerades anledningen till att det inte blev någon operation. Detta för att 
beskriva selektionsprocessen. I den grupp som genomgick behandlingen 
samlades en del klinisk data och laboratoriedata in för analys. Syftet var att 
skapa ett enkelt, reproducerbart och objektivt prognostiskt poängsystem som 
skulle kunna fungera som ett verktyg i selektionsprocessen. Målet var att 
poängsystemet skulle kunna identifiera ”öppna och stäng” patienter och pati-
enter som avled inom 12 månader från operationstillfället. Dessa patient-
grupper hjälptes sannolikt inte av att komma till operation och det vore där-
för bra att i framtiden kunna identifiera sådana patienter för att exkludera 
dem innan ingreppet. 

I gruppen som inte gick till operation noterades att skiktröntgen hade en 
mycket lite del i beslutsfattandet. Detta är sannolikt därför att röntgen än så 
länge fortfarande brister i att kunna på ett adekvat sätt beskriva utbredningen 
av bukhinnesjukdomen. Således är skiktröntgen bra för att utesluta annan 
spridning men relativt dålig på att selektera operationskandidater åt kirurgen. 
I studien utvecklades även det prognostiska poängsystemet Corep. Patienter 
som fick Corep ≥ 6 hade en mycket dålig prognos och med denna brytpunkt 
så kunde Corep-systemet identifiera patienter som avled inom 12 månader 
med sensitivitet på 80 % and specificitet på 100 %. Detta poängsystem har 
potential att bli ett viktigt verktyg i selektionsprocessen för kombinationsbe-
handlingen cytoreduktiv kirurgi och intraperitoneal cytostatika. 

Delarbete III – Metod för intraperitoneal cytostatika 
I delarbete III jämfördes två metoder för att tillföra intraperitoneal cytostati-
ka: HIPEC och SPIC. Det var en fall-kontrollstudie där man utgick från da-
tabasen med alla patienter som genomgått kombinationsbehandlingen. Sedan 
matchade man patienter 1:1 mellan HIPEC och SPIC enligt tumörbördan 
(peritoneal cancer index) så både HIPEC-gruppen och SPIC-gruppen hade 
samma peritoneal cancer index i snitt. Endast patienter med tjocktarmscan-
cer med bästa kirurgiska resultatet (det vill säga ingen synlig kvarvarande 
tumörvävnad) inkluderades för att ge båda grupperna likvärdiga utgångs-
punkter. 
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HIPEC-gruppen hade en medianöverlevnad på 36,5 månader och SPIC-
gruppen hade en medianöverlevnad på 23,9 månader. Sjukligheten (grad 3-4 
enligt Common Terminology Criteria for Adverse Events v3.0) i HIPEC-
gruppen var 37 % och i SPIC-gruppen 19 %. Dödligheten var lika med en 
patient som dog i vardera gruppen. Slutsatsen blir att HIPEC är associerad 
till bättre överlevnad än SPIC och bör således vara förstahandsval vad gäller 
metod att administrera den intraperitoneala cytostatikan. 

Delarbete IV – Kemosensitivitet och val av cytostatika 
Delarbete IV undersökte cytostatikakänsligheter genom analys av tumörväv-
nad som togs under operationen av bukhinnespridd tjock- och ändtarmscan-
cer. Dessa prov jämfördes också med prover från andra former av bukhinne-
spridda tumörer. Syftet var dels att se om vissa cytostatikum var bättre läm-
pade än andra för intraperitoneal behandling. Analys efter olika histologiska 
subtyper av tjock- och ändtarmscancer gjordes också för att se om känslighe-
ten för olika cytostatikum varierade beroende på den histopatologiska bilden.  

Resultatet visade att mucinösa (slemproducerande) tumörer generellt sett 
var mindre känsliga för standard cytostatika droger. Generellt sett var tjock- 
och ändtarmscancer mer resistent mot cytostatika än andra tumörer (primär 
bukhinnecancer, äggstockscancer, vissa former av blodcancer). För tillfället 
finns två huvuddroger som används för intraperitoneal behandling, oxalipla-
tin och mitomycin C. Från ett cytostatikakänslighetsperspektiv så har oxalip-
latin fördelen att man kan nå mycket högre koncentrationer av oxaliplatin 
kliniskt än man kan med mitomycin C. På så sätt ligger koncentrationen för 
oxaliplatin-resistens långt under den kliniska koncentrationen (18,5 gånger 
lägre) medan koncentrationen för mitomycin C-resistens låg ungefär i sam-
ma nivå som den kliniska koncentrationen (endast 1,5 gånger skillnad). 
Dock behöver denna analys testas i en klinisk studie för att se om denna 
skillnad verkligen ger relevanta kliniska resultat. 

7.3 Slutsatser 

Denna avhandling har undersökt tre aspekter av cytoreduktiv kirurgi och 
intraperitoneal cytostatika behandling av bukhinnespridd tjock- och änd-
tarmscancer. Vad gäller överlevnadsanalysen verkar denna behandling kun-
na vara botande i 15-32% av fallen beroende på vilken grupp man tittar på. 
Det viktigaste är att få ner antalet patienter som stängs utan åtgärd. Vad gäll-
er patientselektionen så har ett prognostiskt poängsystem utvecklats. Den 
kan bli ett viktigt verktyg i patientselektionsprocessen och kan komplettera 
radiologin. Vad gäller den intraperitoneala cytostatika-aspekten så är HI-
PEC-metoden att föredra framför SPIC-metoden och teoretiskt kan oxalipla-
tin vara att föredra framför mitomycin C men detta behöver bekräftas genom 
en klinisk studie. 
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