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Pseudomyxoma peritonei (PMP) is a rare disease characterized by mucinous peritoneal
metastasis (PM). Different loco-regional treatment strategies, i.e. debulking surgery and
cytoreductive surgery (CRS) in combination with hyperthermic intraperitoneal chemotherapy
(HIPEC), have changed the prognosis for these patients. CRS is an aggressive surgical procedure
with a long learning curve. PMP exists in different types; how many depends on which
classification is used.
The aims of this thesis were to investigate the time-frame of PMP development from an
isolated appendiceal neoplasm, examine the learning process for CRS, evaluate the differences
in treatment outcome between debulking surgery and CRS in combination with HIPEC, to
evaluate a more detailed PMP classification and to investigate particularly interesting new
cysteine-histidine (PINCH) protein as a prognostic factor for PMP.
Retrospectively 26 PMP patients were identified as having had an appendectomy with a
neoplasm in the appendix but with no evidence of PM at the appendectomy. They were treated
for PMP within a median of 13.1 months (3.8-95.3) after the appendectomy. No difference was
seen between the types of PMP regarding the time to a clinically significant development of
PMP and how much tumour was found at treatment. CRS is a highly invasive treatment and
stabilization in the learning curve was seen after 220±10 procedures. Patients treated with CRS
+HIPEC had a better 5-year overall survival (OS) than patients treated with debulking surgery,
74% vs. 40%. CRS increased the rate of complete cytoreduction from 25% in patients treated
with debulking surgery to 72%. The new four-grade PMP classification showed very good interrater agreement between two independent pathologists and a difference in survival rates was
observed between the different grades. A positive PINCH staining was recorded in 83% of the
tumours and that was associated with poorer survival.
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Introduction

Peritoneal metastasis (PM) arises from different tumours. In some cases it is
a primary tumour and sometimes it spreads to the peritoneum becoming
secondary tumours, i.e. metastasis. Historically, PM was considered a terminal disease with palliation as the only treatment option. This was administered mainly with palliative chemotherapy although in some cases palliative
surgery was performed.
Pseudomyxoma peritonei (PMP), a rare disease originating from the appendix, usually give rise to mucinous PM. PMP has traditionally been treated
with debulking surgery, which prolonged life but offered no chance of cure.
However, that has changed over the past two decades due to a change in
treatment perspective. Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) were introduced by Professor Sugarbaker.
This “new” treatment included aggressive surgery and intraoperative chemotherapy. It showed beneficial results for selected patients but at the cost of
high morbidity and mortality. Nowadays CRS+HIPEC is a treatment for
patients with colorectal cancer, mesothelioma and pseudomyxoma peritonei
(PMP) that improves the patient’s chances for cure and survival (Esquivel et
al. 2007, Moran et al. 2008).
Due to its rarity little is known about this disease. Tertiary centres report
results from the new treatment but studies comparing CRS+HIPEC and
debulking surgery are lacking. Additionally, a different pathological classification has been proposed and this could cause confusion for optimal treatment because the existing classifications require an experienced pathologist
with a special interest in PMP. An easier and more robust pathological classification, with more general criteria, would be beneficial for the patient and
for the referring departments.
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Background

Pseudomyxoma peritonei
Historical background
PMP is a rare condition, with an estimated incidence of 1-2 persons per million per year (Smeenk et al. 2008). It was first described in 1842 by Rokitansky, in a patient with a mucocele of the appendix. It is characterized by mucinous ascites and mucinous implants in the peritoneum. Werth, in 1884,
introduced the term PMP when it occurred in a patient with a mucinous carcinoma from the ovary. Earlier it was thought to be two to three times more
common in women but later publications show that it is almost equally divided between the sexes (Mann et al. 1990, Chua et al. 2012).
Ever since those early descriptions of PMP, there has been debate as to its
origin, especially in women. This is partly due to the fact that the term PMP
was used for almost every condition that gave rise to mucin in the peritoneal
cavity. This is problematic because the heterogeneity of that group will make
it impossible to develop a treatment strategy since the group will include
both malign and benign diseases. Historical discussions about the disease’s
origin centred on whether PMP originates from the appendix or the ovaries,
since the ovaries are a common site for PM implants. To clarify the origin of
PMP, multiple studies have been performed using immunohistochemical,
histopathological and genetic methods to try to differentiate between a primary appendiceal and a primary ovarian neoplasm (Ronnett et al. 1995,
Ronnett et al. 1997, Szych et al. 1999). This includes the use of the immunohistochemical markers cytokeratin (CK) 7, 18 and 20. In PMP, immunoreactions are characterised by a positive reaction for CK18 and 20 and a varied,
but mostly negative reaction for CK7. In contrast, most primary ovarian
lesions react positively to CK7. Ronnett et al. investigated 30 cases of PMP
in women and noticed that in almost all patients, their tumour had intestinal
characteristics and that the tumour was mostly just on the surface of the ovaries (Ronnett et al. 1995). The tumour was also bilateral in most cases compared to the more common unilateral disease in a primary ovarian lesion.
Today, the appendix is thought to be the origin of most PMP but in some
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cases other rare origins have been reported (Chejfec et al. 1986, Ronnett et
al. 1995, de Bree et al. 2000, Smeenk et al. 2006).

Natural history
Due to its rarity, the natural history of PMP is poorly understood. When
described, PMP is almost always associated with a ruptured mucocele of the
appendix but the necessity of having a neoplasm present is seldom mentioned. Cheng reproduced mucoceles in rabbits by ligating the appendix but
these sterile ruptures did not cause PMP (Cheng 1949). Nothing is known
about the time span from the ruptured appendix until the development of
PMP.

Histopathology
Histopathology in PMP has been an issue for debate since the early twentieth
century. Is it a benign or malignant disease? Historically PMP has been classified as both, due to the heterogeneity of the disease where all tumours that
produce mucinous spreading in the peritoneal cavity are included. This included benign and malignant mucinous tumours from the ovaries, appendix
and other organs. Given the variability seen in pathologists’ reports, the
same entity could be classified totally differently. Benign appendiceal adenoma with similar peritoneal seeding could be classified as a ruptured adenoma with PMP by some and as a well-differentiated mucinous adenocarcinoma due to the peritoneal tumours by others.
Today two classifications are mainly used, one by Ronnett with three grades
and one by Bradley with two grades (Ronnett et al. 1995, Bradley et al.
2006).
Ronnett et al. first published a paper on PMP and its origin, in which it was
noticed that some cases had histologically malignant tumours and a much
worse prognosis. These tumours should be classified as peritoneal mucinous
carcinomatosis (PMCA) and excluded from PMP due to the much worse
prognosis (Ronnett et al. 1995). A later paper, with a larger series of cases,
then introduced disseminated peritoneal adenomucinosis (DPAM). DPAM
and PMCA formed two of the grades in Ronnett’s classification. To complete the classification, both the appendiceal tumour and the peritoneal lesions were evaluated. In the tumour, the adequacy of sampling, histologic
diagnosis, rupture, architecture, cytologic atypia and mitotic activity were
evaluated. Regarding the peritoneal lesions, the following aspects were reviewed: architecture, cytologic atypia and mitotic activity. DPAM included
cases with appendiceal or intestinal adenomas and cases where the peritoneal
lesions showed relatively scant stripes of simple or focally proliferative epi11

thelium with minimal to moderate cytologic atypia and no significant mitotic
activity. Cases were considered to be PMCA if the tumour was an appendiceal or intestinal mucinous carcinoma and if the peritoneal lesions had architecture of more abundant proliferative epithelium, glands, nests and individual cells, including signet ring cells, and marked cytologic atypia. If the appendiceal or intestinal tumour could not be identified, the characteristics of
the peritoneal lesions decided in which group the case would be placed. In
this series, some cases had histologic features indicative of DPAM and
PMCA. These were cases with appendiceal or intestinal mucinous carcinoma
and where the peritoneal lesions showed areas with typical DPAM characteristics and also cases where the tumour was not carcinoma but the peritoneal
lesions had features of carcinoma. Due to the fact that this last group also
had an intermediate survival compared to those of DPAM and PMCA, the
third grade, PMCA with intermediate or “discordant” features, (PMCA-I),
was defined (Ronnett et al. 1995).
In 2006 Bradley et al. introduced a new classification. They suggested only
two grades: mucinous carcinoma peritonei (MCP), either low-grade (MCPL) or high-grade (MCP-H). This classification was based on Ronnett’s but
suggested that one group be made of the DPAM and the PMCA-I groups,
MCP-L. Furthermore some of the cases earlier included in the PMCA-I
group would be included in the PMCA group, i.e. cases with signet-ring
cells, due to the fact that they were traditionally considered to have a highergrade malignancy. Thus the PMCA cases would form the MCP-H group.
The term MCP was suggested because of the similarities between DPAM
and PMCA-I, because the authors considered the DPAM group to have a
malignancy as well, due to the outcome if left untreated (Bradley et al.
2006).
The fourth edition of WHO’s classification was introduced in 2010, classifying PMP as low-grade or high-grade based on histological criteria (Carr et al.
2010).

Pathophysiology
PMP is characterized mainly by mucinous ascites and mucinous implants but
for a better understanding of the pathophysiology, Sugarbaker described
PMP’s pattern of progress within the abdominal cavity as a redistribution
phenomenon (Sugarbaker 1994). This means that when performing surgery
on a PMP patient, surgeons will be able to mentally visualize where they
will find most tumours. Due to the lack of adherent molecules on the cells,
early stage PMP will not adhere to abdominal and peritoneal surfaces. Tumour cells will accumulate where either gravity or the normal absorption of
intraperitoneal fluid occur. Absorption occurs mainly in the greater omentum
12

and in the under-surface of the diaphragm where lymphatic lacunae are present. Tumour cells will get trapped inside these lacunae and form tumour
deposits. Gravity pulls the tumour cells down into the lower parts of the abdominal cavity and a tumour arises in the pelvis, right sub-hepatic space, left
abdominal gutter and at the ligament of Treitz (Figure 1). Due to mobility,
some of the intestinal peritoneal surfaces are spared from PMP, e.g. the
small bowel. The movement of the small bowel makes the tumour cells adhere less to these surfaces.
Without treatment and in the end-stage of the disease, PMP will engulf the
entire abdominal cavity, causing intestinal and bile obstruction, leading to
death mainly by cachexia and liver dysfunction.

Figure 1. Tumour distribution in the abdominal cavity (This graphic is published in
this thesis by permission from Dr. P H Sugarbaker).

Clinical presentation
The clinical presentation of PMP varies between the sexes. With respect to
both sexes, the most common forms of presentation are abdominal pain,
acute appendicitis, increased abdominal girth and newly onset hernia. In
terms of women, evaluation of an ovarian mass is the most common presentation (Esquivel et al. 2000, Jarvinen et al. 2010).
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Quantitative prognostic indicators
Prior Surgical Score (PSS)
PSS quantifies how much surgery the patient has had for his/her cancer before definitive treatment. PSS 0 indicates no surgery or only a biopsy; PSS 1
indicates only an exploratory laparotomy; PSS 2 exploratory laparotomy
with some resections and PSS 3 a previous attempt at complete cytoreduction (Sugarbaker et al. 1999, Harmon et al. 2005).
In surgery, and especially in cancer-related surgery, it is assumed that the
first procedure is the one with the highest success rate, lowest morbidity and
least mortality (Sugarbaker et al. 1999). For patients with PM or PMP the
number and the extent of surgeries they had before definitive treatment with
CRS+HIPEC decreases their chance of achieving radical surgery and thereby
cure and prolonged survival (Sugarbaker et al. 1999). This is because the
peritoneum, which is the first line of defence against PM, is opened during
surgery and raw surfaces open up giving cancer cells sites for implants, vascularization and progression. This entrapment of cancer cells can make it
impossible to remove all tumours.
Peritoneal Cancer Index (PCI)
The PCI score (range 0-39) is used to assess tumour burden in the abdominal
cavity. PCI is assessed during the surgical exploration of the abdominal and
pelvic regions. The PCI summarizes the lesion size (LS) and score (0-3) in
the different regions of the abdomen and the pelvis (0-12). LS-0 means no
tumour seen; LS-1 indicates tumours up to 0.5 cm; LS-2 indicates tumours
between 0.5 cm and 5 cm and LS-3 indicates tumours larger than 5 cm or a
confluence. The regions are defined both by structural landmarks and by
anatomical structures within the region. Defining the regions with both
landmarks and anatomical structures makes the PCI score easier to reproduce and quantify (Harmon et al. 2005) (Figure 2).
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Figure 2. The Peritoneal Cancer Index (PCI). PCI estimates the tumour burden by
combining tumour size and distribution to give a numerical score (This graphic is
published in this thesis by permission from Dr. P H Sugarbaker) .

Completeness of Cytoreduction
Completeness of cytoreduction is recorded after the surgery is done and describes how successful the surgery has been, whether all tumour tissue has
been removed (complete cytoreduction) or whether some has been left (incomplete cytoreduction). It is assessed by using either the International Union Against Cancer system, where R1 indicates no macroscopic residual
tumour left or R2 indicates macroscopic residual tumour left or the Completeness of Cytoreduction (CC) score (CC0 to CC3). CC0 means that no
residual tumour is left; CC1 indicates a tumour size less than 0.25 cm; CC2
tumour size between 0.25 cm and 2.5 cm and CC3 relating to tumour size
greater than 2.5 cm (Jacquet et al. 1996, Wittekind et al. 2002, Harmon et al.
2005). This assessment has had a huge impact on patients’ prognosis, as
complete cytoreduction improves survival rates in PMP patients (Sugarbaker
et al. 1999, Smeenk et al. 2007, Youssef et al. 2011). Since the Fifth International Workshop on Peritoneal Surface Malignancy (Milan, Italy, December
4–6, 2006), CC0/CC1 or R1 is regarded as a complete cytoreduction in terms
of PMP (Moran et al. 2008).
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Serum tumour markers
Serum tumour markers are analysed by means of blood samples and are ideally markers that only increase when patients have a tumour and that are
found in every patient with a tumour. However, such markers do not exist
because not all tumours produce markers so some patients with tumours do
not have an increased marker count. And for some markers, other factors
affect their levels and can show an increased level of the marker even though
the patient has no tumour. In patients with PMP, markers have only been
investigated during the past decade. Due to PMP’s relationship to gastrointestinal cancer, markers used in that area have been examined, mainly CEA,
CA 19-9 and CA 125. In what few studies there are, they all seem to have
some relationship to recurrent disease and prognosis, but since the studies do
not show the same results it is too early to say what exact use they will have
in the future (van Ruth et al. 2002, Alexander-Sefre et al. 2005, Baratti et al.
2007).

Treatment
For the past century, PMP patients have been treated with several different
options, with surgery and chemotherapy as the most important strategies.
These will be reviewed separately. Other treatment options were: no active
treatment, radiotherapy, mucolytic agents and phototherapy. Friedland et al.
advocated the “no active treatment” strategy based on a single case that had
increased abdominal distension for five years before a diagnosis was made
(Friedland et al. 1986).
The Mayo Clinic suggested radiotherapy but this showed no beneficial survival for PMP patients (Gough et al. 1994). Neither of the last two strategies
have shown any improvement for PMP patients regarding survival, easier
treatment or longer time between recurrences (Hinson et al. 1998).

Surgical management
Debulking surgery
The traditional surgical treatment for PMP patients is with repeated debulking surgery, where as much of the tumour is removed as possible. The issue
with this treatment is that very few patients have all tumour tissue removed.
Recurrence leads to a new surgical procedure but due to scar tissue and adherence after the previous surgery, subsequent procedures are more difficult
to perform and the risk of adverse events is increased.
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Ultimately, due to increased risks and the difficulty of performing the surgery, surgical treatment is not an option. This treatment has improved survival to about a 50% five-year survival rate but only about 22-24% survive
for ten years, and few patients stay disease free (Gough et al. 1994, Miner et
al. 2005, Jarvinen et al. 2010).
Cytoreductive surgery
Compared to debulking surgery, the goal of CRS is to remove all macroscopic tumours. Peritonectomy, i.e. CRS for PMP, was described by Sugarbaker in 1995 and as a result of this he changed his perspective of patients
with PM. He then developed peritonectomy procedures with the aim of removing all visible tumours and with the intent to cure PM patients
(Sugarbaker 1995).
Technically, CRS is performed with a ball-tip electrosurgical device at 200300 W to achieve maximal tumour destruction. The peritonectomy procedures are aimed at all anatomical regions in the abdomen and depending on
tumour extent, all or just some of the procedures are performed. Thus, together with the resection of affected viscera, radical surgery is achieved.
The procedures are: pelvic peritonectomy with anterior resection of the rectosigmoid colon, greater omentectomy and splenectomy, left upper quadrant
peritonectomy, right upper quadrant peritonectomy, lesser omentectomy and
cholecystectomy, appendicectomy or right hemicolectomy, total colectomy
and partial or total gastrectomy. Females require resection of the uterus
and/or ovaries. Viscera and peritoneum unaffected by tumours are left behind (Figure 3).
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Figure 3. CRS, on a patient with PMP, tumour present at the left upper quadrant.

The duration of the CRS procedure is often long, up to a median of ten hours
and since the procedure is complex, morbidity and mortality are high
(Stephens et al. 1999, Verwaal et al. 2004, Murphy et al. 2007).
Optimising surgical techniques for CRS
CRS is a very complex and invasive surgical procedure. Morbidity and mortality rates are reported to be between 30-70% and 18% respectively
(Stephens et al. 1999, Verwaal et al. 2004, Yan et al. 2007, Elias et al. 2008).
A procedure with such complexity comes with a learning curve. Few reports
are available on this topic but some tertiary centres have reported their findings (Moran 2006, Smeenk et al. 2007, Yan et al. 2007, Kusamura et al.
2012).
From Basingstoke, Moran reported on the first 100 cases. They were divided
into three groups and a significant decrease in morbidity and mortality could
be seen between the groups. In this study, the selection process was addressed as well. Fewer referred patients in the two latter groups received
surgical treatment indicating a learning curve in the selection process as well
(Moran 2006).
Using 140 consecutive cases with different histopathologies, Yan et al. reported that there was indeed a learning curve. They could show that there
18

were outcome differences between the two groups (first 70 patients vs. last
70 patients) and they concluded that this was due to increased experience
(Yan et al. 2007).
From the Netherlands Cancer Institute, Smeenk et al. reported on their experience on learning. They had eleven years’ experience and compared outcomes over three time periods, 1996 to 1998, 1999 to 2002 and 2003 to
2006. Patients with both PMP and CRC were included in this study. Over
time, the rate of complete cytoreduction increased, the frequency of morbidity decreased and the length of hospital stays decreased as well. They estimated the peak of the learning curve at approximately 130 cases based on
the percentage of complete cytoreduction (Smeenk et al. 2007).
In 2012, Kusamura et al. reported on experiences from Milan and the decreased learning curve when an experienced surgeon provided tutoring and
mentorship to a newly established centre. The study included all patients
eligible for CRS from 1999 to 2011. Different histopathologies were included: PMP, CRC, ovarian cancer, gastric cancer, mesothelioma and peritoneal
sarcomatosis. In this study, the Milan group first reported on their own learning curve using a risk-adjusted Sequential Probability Ratio Test (RASPRT). This test has been used to monitor medical interventions and provide
a graphic summary on differences in outcome over time. By looking at different variables and set limits for acceptable outcomes, they estimated there
would have to be 158 procedures before an acceptable outcome was
achieved. They could also show that by providing a three-step tutoring program, the numbers of CRS procedures needed decreased. In the first step,
surgeons came to Milan to perform CRS. During the second step, study protocols and multidisciplinary teams were developed, and logistic troubleshooting was defined. In the third step, patient selection and CRS were assisted by a senior surgeon from Milan at the newly started centre. By doing
this the number of procedures needed decreased to 134 cases (Kusamura et
al. 2012).

Chemotherapy
Systemic chemotherapy
For most cancers, systemic chemotherapy is part of the treatment. Chemotherapy is given intravenously and depending on intent and tumour origin,
the treatment reduces the risk of recurrence, reduces tumour size or slows
progression. In patients with PM, systemic chemotherapy has not had the
same effect as in patients with other solid tumours. In PMP the patients’
systemic treatment has only been used as a lone treatment in some cases and
the majority have had no effect or very little effect (Gough et al. 1994, Miner
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et al. 2005). It has mostly been used in combination with debulking surgery,
resulting in a 10-year survival rate in the range of 20-30% (Gough et al.
1994, Miner et al. 2005). In most of these cases, 5-Fluorouracil (5-FU) derivate chemotherapy has been used.
Intraperitoneal chemotherapy
Over the past two decades, PM has changed from being considered a disseminated disease to being considered a loco-regional disease. This could be due
to the poor effect of systemic chemotherapy on patients with PM and the
ability to administer high dosage chemotherapy intraperitoneally (i.p.) in
patients with PM (Cunliffe et al. 1989). PM patients began to show improved results with a combination of CRS and intraperitoneal chemotherapy.
Sequential postoperative intraperitoneal chemotherapy (SPIC)
SPIC was given postoperatively as a normothermic administration of intraperitoneal chemotherapy. An abdominal port-a-cath was inserted during
surgery for giving courses of chemotherapy i.p. The first course was started
the day after CRS and was given sequentially for six days. Before the second
course of treatment, a single photon emission computed tomography
(SPECT) (Technetium-labelled albumin (99Tcm Albures) at a volume of
500 ml was performed to evaluate the distribution of the drug in the abdominal cavity. If the distribution was judged satisfactory, the second course
was given. In general four to eight courses of chemotherapy were planned
for each patient (Mahteme et al. 2004).
One problem with this treatment was to achieve distribution throughout the
entire abdominal cavity due to adherences after surgery. Another was to
insert the chemotherapy if the abdominal port-a-cath did not work. No studies exist were SPIC alone is compared with systemic chemotherapy, SPIC
has only been reported in combination with surgery (Mahteme et al. 2004).
A study on patients with PM originating from CRC reports that, when giving
SPIC of 5-FU i.p. in combination with leucovorin i.v. and surgery, survival
improved from 14 months in the control group to 32 months in the group
with the combination treatment (Mahteme et al. 2004).
These results led to PMP patients being treated the same way. Patients in the
study received an average of three courses and premature termination of the
treatment occurred mainly for catheter-related reasons (Mahteme et al.
2004).
Hyperthermic intraperitoneal chemotherapy (HIPEC)
HIPEC is an intraoperative delivery of chemotherapy. It focuses on the remaining microscopic tumour cells. The chemotherapy is delivered hyper20

thermically so that the heat will facilitate the diffusion of the chemotherapy
into the tissue and tumour nodules by lowering the intestinal fluid pressure
and increasing permeability. Heat itself also has a cytotoxic effect on tumour
cells by several suggested pathways (Dahl et al. 1999, Sticca et al. 2003).
At present there is no standardisation of how HIPEC is performed. For the
most part, HIPEC is delivered in two ways: the open or “Coliseum” method
and the closed method. In the closed method, the abdomen is sutured together before the HIPEC treatment whereas in the Coliseum method the skin is
fixed to the retractor, forming a large space for HIPEC (Figure 4). Both
methods aim for an intraperitoneal temperature of 40-43°C (Glehen et al.
2008). This is achieved by a roller pump that circulates the chemotherapy
and a heat exchanger providing the warmth of the chemotherapy. The duration of HIPEC depends on the half-life of the cytotoxic agent and varies
from 30 minutes to 90 minutes. The most commonly used cytotoxic drugs
are currently mitomycin-C (MMC), oxaliplatin, cisplatin, doxorubicin and
irinotecan, either as single drugs or in a combination. For patients with PMP,
MMC is the most frequently used agent either as a single agent or in combination with cisplatin (Elias et al. 2002, van Ruth et al. 2004, Mahteme et al.
2008).

Figure 4. Hyperthermic intraperitoneal chemotherapy (HIPEC) according to the
Coliseum method.
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Early Postoperative Intraperitoneal Chemotherapy (EPIC)
EPIC is a modality of chemotherapy that is given to the patient starting the
first postoperative day and generally for five days thereafter. Usually catheters used in HIPEC remain in the patient and are used to administer EPIC.
The most common drug for EPIC is 5-FU i.p. in combination with leucovorin i.v. but other drugs such as MMC and oxaliplatin are used as well.
Later reports have suggested that EPIC is associated with a higher frequency
of complications (Glehen et al. 2004, Elias et al. 2007, McConnell et al.
2012).
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Aims of the thesis

The treatment of PMP has changed but no comparative studies exist regarding the outcome differences between debulking surgery and CRS. CRS is a
highly demanding treatment, both for the patient and for the treating institution, with high mortality and morbidity. Due to this it is important to know
what is required before an acceptable level of skill is reached. Prognostic
markers are also poorly understood.
The overall aim of this thesis was to evaluate treatment options and to investigate clinical features of PMP.
The specific aims were to:
• Estimate the timeframe of developing PMP from an isolated appendiceal neoplasm (Paper I).
• Evaluate the learning process needed to adequately perform CRS
in patients with PMP (Paper II).
• Compare debulking surgery and CRS with respect to efficacy and
morbidity in patients with PMP (Paper III).
• Assess a new histopathological classification, to analyse concordance between pathologists in the histopathological classification
of PMP, and to analyse the expression of PINCH protein in the
stroma and its prognostic importance (Paper IV).
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Materials and Methods

Common methods
Ethical considerations
All four studies were approved by the regional ethics committees (Register
No. 2007/073) and informed consent was obtained from each patient.

PMP database and eligibility requirements
The PMP database consisted of all patients with PMP, scheduled for surgical
treatment, either CRS or debulking surgery, and IPC, at Uppsala University
Hospital, Uppsala, Sweden, between 1993 and 2011. The eligibility requirements for treatment were: confirmed clinical, radiological and/or histological
diagnosis of PMP; no distant metastasis; adequate renal, haematopoietic and
liver functions, and a WHO performance status of ≤2. All data in Papers I-IV
are extracted from this database of clinical records and surgical reports. All
data, from 1993 to 2002, were collected retrospectively and from 2003 and
forward prospectively.

Quantitative prognostic indicators
Tumour burden was assessed at surgery using PCI and the extent of abdominal and pelvic dissection was assessed using PSS. The completeness of
cytoreduction was scored as R1 or R2, as defined by the International Union
Against Cancer (Jacquet et al. 1996, Wittekind et al. 2002, Harmon et al.
2005). PCI, PSS and the completeness of cytoreduction are described in the
introduction.

Surgical treatment
During the data collection period, surgical treatment changed from debulking surgery to CRS. Debulking surgery was performed from 1993 to 2002 on
all patients. After 2002, CRS was performed.
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Debulking surgery
When the scope of the surgical technique limited the removal of macroscopic tumour from the abdominal cavity, especially from the upper abdomen,
this was defined as debulking surgery. Between 1993 and 2002, no attempt
was made to remove the tumour if the peritoneal surface of the upper abdomen (right and left upper quadrant, lesser omentum and duodenal-hepatic
ligament) was involved. Instead, tumours on these sites were superficially
treated by 70W electrocautery. After 2002, debulking surgery was performed
on selected patients based on the patient’s performance status and perioperative findings.
Cytoreductive surgery
The CRS technique was performed according to Dr. Sugarbaker’s principles
(Sugarbaker 1995). Peritoneum unaffected by disease was not removed.
Briefly, CRS was performed using a ball-tip electro surgical hand piece and
a high voltage of 200/300W for maximal tumour destruction. The technique
involved the stripping of the peritoneal layers from the abdominal wall, the
diaphragm and the pelvic walls, and visceral peritonectomy. This included
the following procedures: right and left parietal peritonectomy including
right and left iliac fossa, right and left diaphragm peritonectomy, vaporising
tumour nodules from the liver surface, stripping of the hepatoduodenal ligament and bursa omentalis, resection of Gerota’s fascia, greater omentectomy, cholecystectomy, splenectomy, colon and small bowel resection, pelvic
peritonectomy with rectal resection, hysterectomy and salpingooophorectomy.

Intraperitoneal chemotherapy
Since 1993, patients with PMP have received IPC after surgical treatment.
Between 1993 and September 2003, SPIC was given and after September
2003, patients received HIPEC with or without EPIC.
Sequential intraperitoneal chemotherapy
SPIC treatment was given as described by Mahteme et al. Briefly, at the end
of surgery, a port-a-cath was placed subcutaneously above the lower ribs and
the catheter was placed in the abdominal cavity. The IPC started the day
after surgery with 5-fluorouracil (5-FU; 550 mg/m2 day) dissolved in 500 ml
of 0.9% saline. Sixty minutes after the start of the IPC infusion, an intravenous (i.v.) infusion of leucovorin (LV) (60 mg/m2) was administered
(Mahteme et al. 2004). The 5-FU dose was selected according to previous
findings by Graf et al. (Graf et al. 1994). The SPIC treatment was given sequentially for six days with 4-6 week intervals up to a maximum of eight
courses, provided there was acceptable tolerance and no clinical tumour
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progression. All treatment-related symptoms and side effects were recorded.
Before the second course of treatment, a single photon emission computed
tomography (SPECT) examination was performed to assess the distribution
of the drug in the abdominal cavity.
Hyperthermic and early postoperative intraperitoneal chemotherapy
HIPEC was administered according to the Coliseum technique with one inflow catheter in the caudal end of the incision and four outflow catheters,
one in the left subphrenic cavity, one under the liver and two at the superficial pelvic level (Sarnaik et al. 2003). Chemotherapy was heated to an intraabdominal target temperature of 42°C (range 41-43˚C). Between October
2003 and February 2005, MMC was given in doses of 10-12 mg/m2 for 90
minutes. Thereafter, based on a report by van Ruth et al., the dose changed
to 30-35 mg/m2 (van Ruth et al. 2004). Oxaliplatin was given for 30 minutes
at a dose of 460 mg/m2, following the findings of Elias et al. (Elias et al.
2002). These patients also received concomitant intravenous 5-FU (500
mg/m2) and LV (60 mg/m2). Some patients received a combination of cisplatin (50 mg/m2) and doxorubicin (15 mg/m2) over 90 minutes. The rationale
for using cisplatin and doxorubicin was based on previous reports on their
favourable in vitro test drug sensitivity for PMP (Mahteme et al. 2008).
HIPEC perfusion was delivered using a Medtronic Bio-Pump with a heater/cooler with Dideco heat exchanger and Quickprime tubing. Before perfusion, the patients were cooled to 34ºC with a cooling blanket (Allon®). The
four outflow catheters remained in place after surgery, allowing EPIC to be
administered during the first five postoperative days.

Paper I
Patient characteristics
Patients with PMP have been treated with debulking surgery at Uppsala
University Hospital, Uppsala, Sweden since 1993 but since 2003 a more
aggressive method, CRS including HIPEC, has been used. Data were extracted from the PMP database.
Between 1993 and 2011, 218 patients were treated for various stages of
PMP. From this cohort 108 patients were identified as having had an appendectomy, either as a single procedure or in combination with other surgical
procedures, prior to or at the diagnosis of PMP. Of these 108 patients, 61
were excluded because they had had an appendectomy in combination with
other resections and there was evidence of peritoneal seeding at the time of
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the appendectomy. The remaining 47 patients had an isolated appendectomy/ileocecal resection. Out of these patients, 26 had an isolated appendiceal
neoplasm with no peritoneal seeding, although there was evidence of PMP at
the time of CRS (Group I); three patients had no histopathology from the
appendix and in two patients no tumours were found at the definitive treatment (Group II). In the remaining 16 patients peritoneal seeding was found
at appendectomy (Group III) (Figure 5). The time between the appendectomy and when the patients had surgery for their PMP at Uppsala University
Hospital was measured. Comparisons were made between the groups to see
if there was any difference in time depending on findings at the appendectomy. Only Group I was used to see if there were any differences between
the different histopathological subclasses regarding time to treatment and
tumour burden at treatment.

Figure 5. Consort diagram of the PMP patients, (blue boxes are excluded patients)
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Quantification of tumour burden and histopathological
classification
Tumour burden was assessed at surgery using PCI, as described in the introduction (Jacquet et al. 1996, Harmon et al. 2005). Histopathology was classified according to Bradley et al. as low or high grade mucinous carcinoma
peritonei (MCP-L or MCP-H) (Bradley et al. 2006).

Surgical treatment and outcome
From 1993 to 2002 all patients were treated with debulking surgery. From
2003 on, the majority of patients had CRS with HIPEC but in some selected
cases, debulking surgery was performed with palliative intent. CRS was
performed according to Sugarbaker (Sugarbaker 1995). At the end of the
surgical treatment for PMP, the success of the surgery was scored as R1 or
R2, as defined by the International Union Against Cancer (Wittekind et al.
2002).

Paper II
Patient characteristics and study design
From 2003 to 2008, a total of 128 patients with PMP out of 307 consecutive
patients with PM (395 surgical procedures) were treated with CRS alone
(n=6) or a combination of CRS and intraperitoneal chemotherapy (n=122) at
the Uppsala University Hospital, Uppsala, Sweden. Data were extracted
from the PMP database. Adverse events were recorded and graded according
to the Clavien-Dindo classification.
Histopathology was classified according to Bradley et al. as low or high
grade mucinous carcinoma peritonei (MCP-L or MCP-H) (Bradley et al.
2006).
No patients were excluded. Comparisons were made on surgical outcome,
surgical and medical adverse events, reoperations and patient survival between two groups of patients. Using the statistics to estimate the learning
process, the size of the groups was formed when the stabilization of the
learning process occurred. In Group I (n=73) patients were treated during the
learning period, and in Group II (n=55) patients were treated after the learning period had ended.
Patient characteristics are detailed in (Table 1).
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Table 1. Patient characteristics of the two groups
Variable

Group I n (%)

Group II n (%)

No. of patients
Sex
Male
Female
Median age (years)
BMI
Histopathology
MCP-L
MCP-H
WHO performance
status
0
1
2
3
MD
PCI
0-10
11-20
21-39
Median
PSS
0
1
2
3

73

55

35(48)
38(52)
56(24-77)
24.7(16.2-34.0)

19(35)
36(65)
60(35-79)
23.7(17.6-37.8)

25(34)
48(66)

36(65)
19(35)

63(86)
7(10)
2(3)
1(1)
0

49(89)
2(4)
1(2)
1(2)
2(4)

8(11)
15(21)
50(68)
26(2-39)

9(16)
9(16)
37(67)
26(2-39

21(29)
17(23)
8(11)
29(37)

17(31)
15(27)
10(18)
13(24)

P
n.s.
n.s.
n.s.
0.0005

n.s.

n.s.

n.s.

BMI=Body Mass Index, MCP-L=low grade mucinous carcinoma peritonei, MCP-H=high
grade mucinous carcinoma peritonei, PCI=Peritoneal Cancer Index, PSS=Prior Surgical
Score, MD=missing data, n.s.=not significant

Quantitative prognostic indicators
Two quantitative prognostic indicators, PSS and PCI were recorded prospectively (Jacquet et al. 1996, Harmon et al. 2005). For that purpose, the PCI
score was divided into three categories PCI - I (PCI 1 to 10); PCI - II (PCI
11 to 20), and PCI - III (PCI 21 to 39). The completeness of the cytoreduction was scored at the end of surgery as R1 or R2, as defined by the International Union Against Cancer (Wittekind et al. 2002).

Cytoreductive surgery
The CRS technique was performed according to established principles and
described in the common method section (Sugarbaker 1995).
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Intraperitoneal chemotherapy
During the study period, 105 patients were treated with HIPEC with or without EPIC. SPIC was given to 17 patients and six patients did not receive any
intraperitoneal chemotherapy (Table 5).
The IPC methodology is described earlier in the common method section.
Hyperthermic and early postoperative intraperitoneal chemotherapy
During the study period, 96 patients received mitomycin-C (15 to 35mg/m2)
for 90 minutes. Six patients had a combination of doxorubicin (15 mg/m2)
and cisplatin (50 mg/m2) for 90 minutes and three patients received oxaliplatin (460 mg/m2) for 30 minutes.
Detailed information on intraperitoneal chemotherapy is summarized in Table 5.

Paper III
Patient characteristics
Between September 1993 and December 2008, all 152 patients registered in
the PMP database at Uppsala University Hospital, Uppsala, Sweden, (71
men, 81 women, mean age 55 years, range 21-79) were included in the
study. Two patients were classified as “open and close” and were excluded
from the comparison. The remaining 150 patients were scheduled for
debulking surgery followed by IPC or CRS and IPC and formed the basis for
this follow-up study. Histopathology was classified according to Bradley et
al. as low or high grade mucinous carcinoma peritonei (MCP-L or MCP-H)
(Bradley et al. 2006).
Adverse events were recorded and graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events v 3.0
(CTCAE).
During the study period, treatment strategy shifted from debulking surgery
and IPC to the more aggressive CRS and IPC procedure. The organization of
the two groups in this report was based on the treatment philosophy, i.e. the
intention-to-treat principle. The debulked group consisted of 40 patients
treated with debulking surgery and SPIC or HIPEC. The CRS group consisted of 110 patients scheduled for CRS who also received either SPIC or
HIPEC treatment (Table 2).
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Table 2. Patient characteristics

Debulking group CRS group
Variable

n (%)

P

n (%)

No. of patients
40
110
Sex
0.061
Men
24 (60)
47 (43)
Women
16 (40)
63 (57)
Mean age (years)
55 (21-79)
55 (24-76)
0.832
BMI
24.5 (16.2-38.3)
24.9 (17.6-37.8)
0.429
Histopathology
0.002
MCP-L
10 (25)
59 (54)
MCP-H
30 (75)
51 (46)
Previous systemic
9 (23)
21 (19)
0.644
chemotherapy
ASA classification
0.351
10
15 (38)
49 (45)
20
21 (53)
52 (47)
30
4 (10)
9 (8)
WHO performance
status
0.008
0
28 (70)
101 (92)
1
6 (15)
7 (6)
2
3 (8)
1 (1)
3
1 (3)
MD
2 (5)
1 (1)
PCI
0.918
0-10
6 (15)
17 (15)
11-20
10 (25)
24 (22)
21-39
24 (60)
69 (63)
PSS
0.012
0
12 (30)
30 (27)
1
9 (23)
31 (28)
2
13 (33)
13 (12)
3
6 (15)
36 (33)
Mean operation time 6:14(1:40-17:00)
9:47(2:00-15:20)
<0.001
Mean operative
bleeding (ml)
2744(0-14500)
2031(50-16500)
0.533
Mean blood products
first 24h (ml)
2407(0-11700)
2374(0-18300)
0.616
Mean IVA stay (h)
16.5 (0-205)
30.5 (0-592.5)
<0.001
Mean hospital stay
15.6 (7-32)
18.9 (7-56)
0.006
(days)
ASA= American Society of Anaesthesiologists, BMI=Body Mass Index, MCP-L= low grade
mucinous carcinoma peritonei, MCP-H= high grade mucinous carcinoma peritonei, PCI=
Peritoneal Cancer Index, PSS= Prior Surgical Score, MD=missing data.
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Quantitative prognostic indicators
Quantitative prognostic indicators - PSS and PCI - were retrieved from the
medical records in the debulked group and were recorded prospectively in
the CRS group (Jacquet et al. 1996, Harmon et al. 2005). PSS and PCI are
described in the introduction. For the purposes of this analysis, the PCI score
was simplified into three categories: PCI-I (PCI 1-10); PCI-II (PCI 11-20);
and PCI-III (PCI 21-39). The completeness of the cytoreduction was scored
at the end of surgery as either R1 or R2, as defined by the International Union Against Cancer (Wittekind et al. 2002).

Surgical treatment
Patients were treated with either debulking surgery or CRS as described in
the common method section.

Intraperitoneal chemotherapy
During the study period, 31 patients from the debulked group and ten CRS
patients were treated with SPIC. Seven patients from the debulked group and
98 patients from the CRS group were treated with HIPEC with or without
EPIC. Four patients received no intraperitoneal chemotherapy.
The IPC methodology is described earlier in the common method section.
Hyperthermic and early postoperative intraperitoneal chemotherapy
Mitomycin-C was given to 96/105 patients. Three patients received oxaliplatin. Six patients received a combination of cisplatin (50 mg/m2) and doxorubicin (15 mg/m2) over 90 minutes. EPIC was given to 75/105 patients that
received HIPEC.

Paper IV
This study consisted of all 81 patients with PMP (47 men, 34 women, mean
age 55 years, range 24-77 years, 66 patients <65 years), scheduled for CRS
and IPC at Uppsala University Hospital, Uppsala, Sweden, between 1993
and 2005. Patient characteristics are summarized in Table 3.

Surgical treatment
Surgery was performed as described in the common method section. Tumour
load was recorded immediately after surgery using Sugarbaker’s PCI and
completeness of cytoreduction was recorded as either R1 or R2 according to
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the International Union Against Cancer (Sobin LH 2002, Harmon et al.
2005). For the purposes of this analysis, the PCI score was simplified as
follows: 1-10 as PCI-I; 11-20 as PCI-II, and 21-39 as PCI-III. PCI-I was
found in 11 patients, PCI-II in 23 patients and PCI-III in 47 patients. R1 was
achieved in 37 patients (46%) and R2 in 44 patients (54%) (Table 3). The
mean operating time was 9.2 hours (range 4-15 hours), with a mean blood
loss of 2100 ml (range 50–13500 ml).
Table 3. Patient characteristics
Variable

n

R1 surgery

R2 surgery

No. of patients
81
37
44
Sex
Male
47
16
31
Female
34
21
13
Mean age
53 (24-77 years)
Age < 65 years
66
29
37
Age > 65 years
15
7
8
Peritoneal cancer
index (PCI)
PCI-I (PCI 1-10)
11
8
3
PCI II (PCI 11-20) 23
17
6
PCI III (PCI 21-39) 47
12
35
PCI=Peritoneal Cancer Index, R1= No macroscopic residual tumour, R2= Macroscopic residual tumour

Intraperitoneal chemotherapy
Between September 1993 and October 2003, 31 patients were scheduled for
repeated SPIC and from October 2003 to November 2005, 50 patients were
treated with HIPEC plus EPIC.
The IPC was given as described in the common method section.

Histopathology
In all cases, the origin of the PMP was judged to be from an appendiceal
neoplasm. Surgical specimens were prepared in a routine fashion, fixed in
4% buffered formaldehyde, imbedded in paraffin, sliced into 3-4 µm sections and stained with haematoxylin-eosin (HE). Alcian Blue PAS was used
to illustrate neutral and acid mucin. In order to more easily identify tumour
cells, immunohistochemistry was carried out with antibodies for cytokeratin
7 and 20. Proliferative activity was estimated by Ki-67 expression.
Tissue samples were taken from different areas of metastases and the most
aggressive area was decisive for histopathological scoring. The sections
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were microscopically examined and scored independently by two
pathologists with a special interest in gastrointestinal malignancies (AW,
RW). This examination was performed without any clinic-pathological information. Histopathology was classified as DPAM, PMCA-I (PMCA –
intermediate) or PMCA according to Ronnett et al. (Ronnett et al. 2001).
Furthermore, for the purposes of this study, the histopathological classification was also divided into one of the four following categories. PMP Group
I: no clear evidence of viable tumour cells; only granulation tissue and mucin were found, despite widespread sampling. PMP Group II: presence of
mucin and simple single-layer epithelium with no or low-grade cellular atypia (on a three-scaled grading system low-moderate-high), and without any or
with only a few mitoses in HE or KI-67 immunostaining. PMP Group III:
presence of mucinous neoplastic epithelium with moderate cellular atypia or
more complex epithelial features, such as stratified epithelium frequently
combined with micropapillary growth configurations; HE stains showing
mitosis with up to 5% proliferating cells. PMP Group IV: presence of epithelium with high-grade dysplasia; solid growth pattern in small islands with
cribriform growth pattern, as well as single cell invasion. Signet ring cell
carcinoma was included in this group.
PINCH protein determination
The preparation of PINCH antibodies was performed as described elsewhere
(Wang-Rodriguez et al. 2002, Campana et al. 2003). Five µm sections were
de-paraffinised and rehydrated, treated by high pressure cooking with 0.01
M Tris-EDTA buffer (pH 9.0) and kept at room temperature (RT) for 30
minutes. The sections were incubated with 3% H2O2-methanol for 20
minutes and then washed with phosphate-buffered saline (PBS, pH 7.4). The
sections were further treated with protein block solution for 10 minutes. After removing the solution, the sections were incubated with a primary antibody, followed by rinsing with PBS. Subsequently, the sections were incubated with a secondary antibody, coupled with peroxidase provided with the
DakoChemMate™ EnVision™ Detection Kit, and washed with PBS. For
peroxidase reaction 3.3’-diaminobenzidine tetrahydrochloride was used.
Sections known to stain positively were included as positive controls. The
negative control used PBS instead of the primary antibody. Cases with no or
weak staining were classified as the PINCH absence group (negative staining group) and cases with staining as the PINCH occurrence group (positive
staining group) (Figure 6).
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Figure 6. Above, negative staining group, and below, positive staining group.
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Statistical analyses

Paper I
The Mann-Whitney U test or Kruskal-Wallis test was used to show differences between the groups for quantitative variables and a chi square test or
Fisher’s exact test for categorical variables. A P-value below 0.05 was considered statistically significant.

Paper II
The Mann-Whitney U test was used to test the differences between the
groups for quantitative variables. For categorical variables, the chi square
test or Fisher’s exact test was used. The Kaplan-Meier method was used to
evaluate overall and cancer-specific survival according to intention to treat,
starting at the date of the first operation, using 31 December 2012 as a reference date. The log-rank test was used to test the differences in survival between the groups. To calculate the number of procedures needed before CRS
was performed adequately, the partial least square (PLS) was used.
As in any regression model, predicted values and residuals are produced and
the residuals are a measure of lack of fit for each dependent variable. If these
values are squared and summed for each observation, we get the square of
the predictions error or SPE (Q). These values can be regarded as a measure
of lack of quality and should typically become smaller over time. In order to
enhance the development of SPE (Q) values over time, a cumulative sum
control chart (CUSUM) graph is used rather than a common line graph. The
advantage of this is that “errors” are cumulatively summed, and/or subtracted, over time thus standing out more clearly. PLS was performed by using
patient variables (X) that could affect surgical outcome, i.e. histopathology
classification, PCI score and PSS. Procedure outcome (Y) was measured by
using surgical outcome, bleeding and surgical adverse events. These variables were categorized as follows: surgical outcome (R1 or R2), bleeding (0
to 500 ml [lower quartile], 500 to 1200 ml [median], 1200 to 2500 ml [upper
quartile], 2500 ml or more) and surgical adverse events (yes or no). Patients
were numbered by the serial number of their procedure to estimate the num-
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bers needed before the learning curve stabilized. A P-value lower than 0.05
was considered to be statistically significant.

Paper III
To test differences between the groups, the Mann-Whitney U-test or Kruskal
Wallis test was used for quantitative variables and the Fisher exact or chi
square test for categorical variables. Postoperative adverse events (AEs)
were only analysed for the index operation. The influences of variables (sex,
histopathology, PCI, PSS, treatment strategy, surgical outcome, IPC and
postoperative complications) on survival between the groups were tested
with the log rank test as well with a Cox proportional hazard model. The
latter method was also used to assess the influence of a variable on survival
while simultaneously adjusting for the effects of other variables. The
Kaplan-Meier method was used to evaluate overall and cancer-specific survival according to intention-to-treat, starting at the date of the first operation
and using October 15th, 2010 as a reference date. A P-value below 0.05 was
considered statistically significant.

Paper IV
The pathologists’ concordance, i.e. inter-rater agreement (κ value), was
compared with 95% confidence intervals (CI). To test for differences between the groups, the Mann-Whitney U-test was used for quantitative variables. The Cox proportional hazard ratio was used to assess the effect of the
histopathological classification on survival, as well as to assess the effect of
the expression of PINCH protein staining on survival. Survival differences
between the groups were evaluated with the log-rank test. The Spearman
rank correlation test was used for analyses of correlations between the histopathological classifications and PINCH protein staining. A P-value below
0.05 was considered statistically significant.
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Results

Paper I
Difference between disease groups
When comparing the three groups, no differences were seen regarding age,
sex, WHO score, histopathology, surgical outcome and tumour burden at
definitive surgery. There is a difference between the groups in time to treatment; Group I 13.1 (3.8-95.3) months, Group II 49.5 (4.9-237.5) months and
Group III 5.8 (3.1-321.4) months, P=0.03.

Time to treatment
In Group I there was a median of 13.1 months (3.8 - 95.3) from the patient’s
appendectomy until they had surgery for the PMP they developed. There
was no difference between the two histopathological subgroups, MCP-L
10.6 months (4.6 - 95.3) and MCP-H 13.9 months (3.8 - 44.8), P=1.00
(Table 4).

Tumour burden
Tumour burden at the time of treatment for PMP was 17 (2 - 39) for Group I
and there was no difference between the two subclasses, MCP-L 8 (2 - 39)
and MCP-H 22 (5 - 37), P=0.42 (Table 4). Though no difference was seen in
tumour burden between the two subclasses, there was a difference in the
surgical outcome. More patients with MCP-L had R1 surgery than patients
with MCP-H, 94% vs. 44%, P=0.001 (Table 4). The main reason for this
difference was a more massive disease under the liver, in the lig. hepatoduodenale, omentum minus and Glisson pouch, where radical surgery is
more difficult.
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Table 4. Comparing histological groups in Group I
Variable

MCP-L n(%)

MCP-H n(%)

No. of patients
Sex
Men
Women
Median age (years)
WHO classification
0
1
2
MD
PCI
Time to treatment
(months)
Surgical outcome
R1
R2

17

9

10(59)
7(41)
56(21-75)

5(56)
4(44)
45(40-76)

16(94)

6(67)

1(6)
8(2-39)

2(22)
1(11)
22(5-37)

10.6(4.6-95.3)

13.9(3.8-44.8)

16(94)
1(6)

4(44)
5(56)

P

0.42
1.00
0.001

MCP-L=low grade mucinous carcinoma peritonei, MCP-H=high grade mucinous carcinoma
peritonei, PCI=Peritoneal Cancer Index, PSS=Prior Surgical Score, R1= No macroscopic
residual tumour, R2= Macroscopic residual tumour, MD=missing data.

Paper II
Learning curve and group formation
In total, 220±10 procedures had to be performed before stabilization of the
learning curve occurred, when adjusting for patient variables and the serial
number of the procedure (Figure 7). This plateau was reached at the 73rd
patient with PMP and due to this, the groups were formed as follows: Group
I (n=73 patients) and Group II (n=55 patients).
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Learning Curve
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Figure 7. Learning curve, surgical outcome stabilized around the process mean.
Around 220±10 procedures needed. The procedure number is shown on the X-axis.

Preoperative data
The two groups did not differ regarding age, sex, BMI, PCI, PSS or performance status. Group II had a more favourable histopathology with 65%
MCP-L vs. 34% MCP-L (P=0.0005).

Surgical data
The surgical treatment and the operation time were the same in the two
groups. Bleeding decreased in Group II compared to Group I (P<0.0001).
Surgical outcome improved during the study. In Group II, 44 patients (80%)
had R1 surgery compared to 35 patients (48%) in Group I (P=0.0002; Table
5).

Morbidity and mortality
During the study, one patient in Group II, who had palliative surgery due to
small bowel obstruction, died seven days postoperatively of aspiration and
cardiac arrest. One patient in Group I who had open-close surgery died within the first 90 postoperative days because of progressive disease.
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The frequency of surgical adverse events and the frequency of adverse
events in total did not differ between the two groups (Table 5). Group II had
more medical or infectious adverse events than Group I (P=0.024; Table 5).
Patients requiring re-laparotomy were the same in the two groups (Table 5).
The most common causes of reoperations were perforation (n=5), bleeding
(n=4), wound rupture (n=2) and leakage of bile (n=2).
Table 5. Treatment outcome comparisons between the two groups
Variable

Group I n(%)

Group II n(%)

P

No. of patients
Surgery outcome
Radical R1
Non-radical R2
Surgery
Peritonectomy
Debulking
Open Close
Chemotherapy
HIPEC MMC-L
HIPEC MMC-H
HIPEC MMC-L
+EPIC
HIPEC MMC-H
+EPIC
HIPEC oxali.
HIPEC cis+dox
SPIC
No chemo
Reoperation
Adverse events
Surgical
Medical/Infection
Total
Operation time
Op. bleeding (ml)
Blood products/24h
(ml)
Hospital stay (days)

73

55

35(48)
38(52)

44(80)
11(20)

59(81)
13(18)
1(1)

51(93)
3(5)
1(2)

2(3)
1(1)

5(9)
22(40)

25(34)

1(2)

19(26)
3(4)
5(7)
13(18)
5(7)
15(21)

21(38)
1(2)
4(7)
1(2)
3(5)

0.020

18(25)
24(33)
34(47)
9:54(2:10-17:00)
2000(100-16500)

6(11)
29(53)
32(58)
9:40(2:50-14:18)
800(50-4000)

n.s.
0.024
n.s.
n.s.
<0.0001

1800(0-18300)
18(7-56)

1800(0-9900)
16(12-43)

n.s.
0.016

0.0002
n.s.

<0.0001

HIPEC=hyperthermic intraperitoneal chemotherapy, MMC-L=mitomycin-C low dosage,
MMC-H=mitomycin-C high dosage, EIPC=early postoperative intraperitoneal chemotherapy,
oxali=oxaliplatin, cis+dox=cisplatin+doxorubicin, SPIC=sequential postoperative intraperitoneal chemotherapy, n.s.=not significant

Survival
Overall survival increased in Group II compared to Group I. Four year survival was found to be 80% in Group II vs. 63% in Group I (P=0.02) (Figure
8). Median survival for Group I was 74.6 months with a lower quartile of
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37.0 months. In Group II, neither lower quartile nor median survival has
been reached to date.
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Figure 8. Overall survival in the two groups

At the four year follow-up, there were no differences in disease-free survival
between the two groups: 64% in Group I and 80% in Group II (Figure 9).
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Figure 9. Disease free survival in the two groups.

Paper III
Base-line comparison between debulked and CRS groups
The two groups were well balanced regarding gender, age, BMI, ASA classification and PCI (Table 6). MCP-H histopathology was more common in the
debulked group (30/40 patients or 75%) than in the CRS group (51/110 patients or 46%) and the performance status of the debulked group was worse
than that of the CRS group (Table 6). Median follow-up was 40 months (590) for the CRS group and 41 months (2-199) for the debulked group.
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Table 6. Patient characteristics

Debulking group
Variable

n (%)

CRS group
n (%)

P

No. of patients
40
110
Sex
0.061
Men
24 (60)
47 (43)
Women
16 (40)
63 (57)
Mean age (years)
55 (21-79)
55 (24-76)
0.832
BMI
24.5 (16.2–38.3)
24.9 (17.6–37.8)
0.429
Histopathology
0.002
MCP-L
10 (25)
59 (54)
MCP-H
30 (75)
51 (46)
Previous systemic
chemotherapy
9 (23)
21 (19)
0.644
ASA classification
0.351
10
15 (38)
49 (45)
20
21 (53)
52 (47)
30
4 (10)
9 (8)
WHO performance
status
0.008
0
28 (70)
101 (92)
1
6 (15)
7 (6)
2
3 (8)
1 (1)
3
1 (3)
MD
2 (5)
1 (1)
PCI
0.918
0-10
6 (15)
17 (15)
11-20
10 (25)
24 (22)
21-39
24 (60)
69 (63)
PSS
0.012
0
12 (30)
30 (27)
1
9 (23)
31 (28)
2
13 (33)
13 (12)
3
6 (15)
36 (33)
Mean operation time 6:14 (1:40–17:00)
9:47 (2:00–15:20)
<0.001
Mean operative
bleeding (ml)
2744 (0-14500)
2031 (50-16500)
0.533
Mean blood products/first 24h (ml)
2407 (0-11700)
2374 (0-18300)
0.616
Mean IVA stay (h)
16.5 (0-205)
30.5 (0-592.5)
<0.001
Mean hospital stay
15.6 (7-32)
18.9 (7-56)
0.006
(days)
BMI=Body Mass Index, MCP-L= low grade mucinous carcinoma peritonei, MCP-H= high
grade mucinous carcinoma peritonei, ASA= American Society of Anaesthesiologists, PCI=
Peritoneal Cancer Index, PSS= Prior Surgical Score, MD=missing data.
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Debulked group
In the debulking group, R1 resections were achieved in ten patients (25%)
and 30 patients (75%) had R2 surgery. Serial debulking, defined as multiple
operations due to persisting tumour, was performed on 25 patients. In nine
patients, R1 was accomplished at the repeat surgery whereas 16 patients had
R2 resections.

CRS group
An R1 resection was achieved in 79/110 patients (72%) and R2 in 31 patients (28%). R1 surgery was more common in the CRS group compared to
the debulking group (P<0.001). The following surgical procedures were
more common in the CRS group in comparison to the debulking group:
greater and lesser omentectomy, left and right diaphragm stripping, anterior
resection, splenectomy, gastric resection, cholecystectomy, bladder and pelvic peritonectomy. Several variables were associated with the surgical outcome (Table 7).
Table 7. Association between categorical clinical variables and surgical outcome
(R2).
n
Histology
MCP-L
MCP-H
PCI
0-10
11-20
21-39
PSS
0
1
2
3
Surgery
Peritonectomy
Debulking

69
81
23
34
93
42
40
26
42
110
40

P*
<0.001
<0.001

0.031

<0.001

OR(95% CI)

P**

0.30(0.13-0.72)

0.007

0.09(0.02-0.53)
0.12(0.03-0.47)

0.008
0.002

1.09(0.37-3.22)
0.46(0.14-1.59)
0.46(0.10-2.07)

0.874
0.222
0.308

0.06(0.02-0.21)

<0.001

*Chi square test ** Logistic regression model
MCP-L= low grade mucinous carcinoma peritonei, MCP-H= high grade mucinous carcinoma
peritonei, PCI= Peritoneal Cancer Index, PSS= Prior Surgical Score.

Intraperitoneal chemotherapy treatment
SPIC was given to 41/150 patients (27%), with a median of 6 cycles (range
0-8). Twenty-one patients completed the planned eight treatment cycles. The
main reasons for not fulfilling all planned courses were: progressive disease
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(n= 4), lack of widespread distribution in the abdominal cavity (n= 4) and
abdominal infection (n= 4).
Of the 105/150 patients (70%) receiving HIPEC, 75 (71%) were also treated
with EPIC. Four patients (3%) were not treated with IPC for the following
reasons: too little tumour burden (one patient), small bowel obstruction (two
patients) and massive perioperative bleeding (one patient).
In the debulking group, 31 patients were treated with SPIC, seven patients
with HIPEC and two patients received no IPC. In the CRS group, ten patients were treated with SPIC, 98 patients received HIPEC and two patients
had no IPC treatment. One patient in the CRS group had an anaphylactic
reaction to mitomycin-C at the start of HIPEC so the treatment was terminated at six minutes.

Mortality and morbidity
In total, one patient died within the first 90 postoperative days. One debulking patient with a poor performance score died of progressive disease.
During the hospital stay, a total of 114 Grade II-IV adverse events (AEs)
were recorded in 64 patients (43%). Grade II was recorded in 16 patients and
48 had Grades III-IV.
Ten patients in the debulked group (29%) and 54 patients in the CRS group
(47%) experienced an AE of Grade II-IV (P=0.053). Grade III-IV AEs were
recorded for nine debulked patients (23%) and 39 CRS patients (35%)
(P=0.227). The main non-surgical morbidities were: neutropenia Grade 1
(one patient), neutropenia Grade 2 (eight patients), neutropenia Grade 3
(seven patients), pleural effusion (13 patients) and sepsis (ten patients). Surgical complications occurred in 24/150 patients (16%) and 18/150 (12%)
needed a re-laparotomy. Surgical complications occurred in six debulked
patients (15%) and 18 CRS treated patients (16%) (P=0.900). Re-laparotomy
was needed for four debulked patients (10%) and for 14 CRS patients (13%)
(P=0.800). Bleeding (six patients, 4%) and perforations (five patients, 3%)
were the most common reasons for re-laparotomy.
There was no increased risk of surgical complications in patients receiving
HIPEC (P=0.466). However, more frequent medical/infectious complications were observed in patients undergoing HIPEC (P=0.003) (Grade 2
(P=0.005)). For complications in total, an increased risk in HIPEC patients
was seen only in Grade 2 (P=0.013).
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Survival
OS at three years was 79% and 62% at five years. For the debulked group,
median survival was 39.3 months and the lower quartile was 25.5 months.
For the CRS group, the lower quartile was 51.0 months and median survival
has not yet been reached. Macroscopic radical surgery had a significant impact on OS: 5-year OS was 94% for R1 resections and 28% for R2 resections
(P<0.001). Patients who underwent CRS had a better 5-year OS (74%) than
those with debulking (40%, P<0.001). Patients with a high grade malignant
tumour (5-year OS 51%) had a poorer outcome than patients with a low
grade malignant tumour (5-year OS 80%) (P<0.001). For the entire study
population, a difference in survival between the PCI groups (P=0.002) was
recorded. This could be seen in the debulking group (P=0.004) but not in the
CRS group (P=0.105). After adjusting for prognostic factors (sex, histopathology, PCI, PSS, IPC, type of surgery and surgical outcome) and using a
Cox proportional hazard model, only surgical outcome and histopathology
had an impact on survival (Table 8).
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Table 8. Association between categorical clinical variables and survival

Debulking group

Median
survival
(months)

P*

CRS group

P**

Median
survival
(months)

P*

P**

Sex
n.s.
n.s.
Male
39.0
40.6
Female
46.7
40.2
Histopathology
0.006
n.s.
0.002
0.03
MCP-L
94.9
42.0
MCP-H 36.5
36.9
PCI
0.004
n.s.
n.s.
0-10
100.1
42.5
11-20
103.1
48.0
21-39
36.2
38.5
PSS
0.005
n.s.
n.s.
0
29.4
37.2
1
97.0
43.6
2
73.8
37.9
3
31.0
41.4
IPC
n.s.
0.006
n.s.
HIPEC
39.3
40.4
SPIC
44.1
31.2
No IPC
44.0
49.5
Surgical
outcome
<0.0001
0.01
<0.0001
<0.0001
R1
104.6
40.6
>R1
36.2
38.8
Post Op
complican.s.
n.s.
tion
No
44.1
43.6
Yes
36.5
37.9
*Log rank test ** Cox proportional hazard
MCP-L= low grade mucinous carcinoma peritonei, MCP-H= high grade mucinous carcinoma
peritonei, PCI= Peritoneal Cancer Index, PSS= Prior Surgical Score, IPC= intraperitoneal
chemotherapy, HIPEC= hyperthermic intraperitoneal chemotherapy, SPIC= sequential postoperative intraperitoneal chemotherapy. n.s.=not significant.
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Patients in the debulked group had a 3-year OS of 65% and a 5-year OS of
40%. In the CRS group, OS at 3 years was 85% and 74% at 5 years.
Surgical outcome had a significant impact: the 5-year OS for R1 was 93%
and 38% for R2 (P<0.001) in the CRS group. In the debulked group, the 5year OS for R1 resections was 100% and for R2 resections was 19%
(P=0.001) (Figure 10). No differences in OS were seen when comparing
patients with R1 surgery from the two treatment strategies.
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Figure 10. Overall survival according to treatment strategy (CRS or debulking) and
macroscopic residual tumour or non-residual tumour (R1 or R2)

Histopathology had an impact on the 5-year OS for patients in the CRS
group. For patients with low grade malignant tumours the 5-year OS was
88% and for those with high grade malignant tumours it was 60% (P=0.001).
No difference in OS was seen in the debulked group between the two histopathological types (Figure 11).
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Figure 11. Overall survival according to treatment strategy (CRS or debulking) and
histopathology

Disease-free survival at five years was 67% and histopathological types
made a difference in median time to relapse: for MCP-L (54 patients) the
lower quartile has not been reached and for MCP-H (35 patients) median
time to relapse was 29.9 months (P<0.001) (Figure 12), and in OS of patients with R1 surgery (P=0.048). Complications (whether surgical or nonsurgical) had no impact on survival during the entire study period.
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MCP-L=low grade mucinous carcinoma peritonei (54)
MCP-H=high grade mucinous carcinoma peritonei (35)
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Figure 12. Time to relapse according to histopathology

Paper IV
Inter-rater agreement and histopathology classification
Table 9 summarizes histopathology classification. According to Ronnett et
al.’s classification, the inter-rater agreement between the two independent
pathologists in categorizing the histopathology was very good (κvalue=0.88; 95% confidence intervals (CI) = 0.80-0.95, Table 9). Moreover,
the histopathological classification that was set up for this study (the ‘PMP
group classification’) also revealed a very good correlation between the
pathologists in categorizing the histopathology (κ-value=0.82; 95% CI =
0.73-0.92, Table 9).
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Table 9. Histopathological sub-grading of pseudomyxoma peritonei and
pathologists’ concordance, i.e. inter-rater agreement between pathologists. The specimens are classified with Ronnett et al.’s classification as well as with the PMP
group classification.

Ronnett’s classification
DPAM
PMCA-I
PMCA

DPAM

PMCA-I

PMCA

22
5
0

1
33
0

0
5
15

(κ-value=0.88; 95% CI=0.80-0.95), DPAM=disseminated peritoneal adenomucinosis, PMCAI=peritoneal mucinous carcinoadenomatosis – intermediate, PMCA=peritoneal mucinous
carcinoadenomatosis

PMP group classification
Group I
Group II
Group III
Group IV

Group I

Group II

Group III

Group IV

10
0
1
0

0
17
6
0

0
4
16
0

0
2
8
17

(κ-value=0.82; 95% CI=0.73-0.92)

Of the 27 patients classified as DPAM by Ronnett et al.’s classification, 11
patients fulfilled the newly proposed PMP group classification criteria for
PMP Group I disease, whereas 16 were categorized as PMP Group II (Table
10).
Of the 34 patients classified as PMCA-I according to Ronnett et al.’s system,
seven patients were categorized as PMP Group II, 20 patients as PMP Group
III and seven as PMP Group IV. When analysing the survival of these 34
patients with the Cox proportional hazard analysis, histopathological classification according to Ronnett et al. showed no statistical differences [hazard
ratio HR=0.62 (95% CI=0.25-1.49), P=0.3]. However, survival rate differences were observed according to the newly proposed PMP group classification [HR=1.95 (95% CI=1.00-3.77), P=0.04] (Table 10).
All 20 patients classified as PMCA according to Ronnett et al.’s system were
categorized as having PMP Group IV disease according to the newly proposed PMP group classification (Table 10).
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Table 10. Comparison of PMP histopathology between Ronnett et al’s. classification
(DPAM, PMCA-I, PMCA) and the PMP group classification (Groups I-IV), 5-years
overall survival rate (OS) with 95% confidence interval (CI).

Ronnett et al.’s classification
PMP group Classification
Group I
Group II
Group III
Group IV

DPAM

PMCA-I

PMCA

n OS (CI)
11 79% (64-95)
16 64% (46-82)
0
0

n OS (CI)
0
7 76% (59-91)
20 58% (46-69)
7 35% (7-62)

n OS (CI)
0
0
0
20 52% (32-72)

DPAM=disseminated peritoneal adenomucinosis, PMCA-I=peritoneal mucinous carcinoadenomatosis–intermediate, PMCA=peritoneal mucinous carcinomatosis

Relationship between PINCH expression and survival
PINCH protein expression in the tumour stroma was absent in 14 patients
(17%) and present in 67 patients (83%). The presence of PINCH protein
expression in tumour stroma tended to be associated with poorer survival
(HR=0.26; 95% CI=0.06-1.08; P=0.04, Figure 13).
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Figure 13. Cumulative proportion of survival (Kaplan-Meier) according to occurrence (positive) and absence (negative) of particularly interesting new cysteinehistidine (PINCH) protein in 81 patients with pseudomyxoma peritonei.

Survival was better in patients below the age of 65 and with low PINCH
protein expression than in older patients with PINCH protein expression
(HR=0.24; 95% CI=0.06-1.00; P=0.05). No statistically significant correlations were found between PINCH protein expression and Ronnett et al.’s
classification (P=0.14), nor between PINCH protein expression and the newly proposed PMP group classification (P=0.17). However, PINCH protein
expression correlated to PCI (P=0.002). No clear five-year survival differences were seen between the three PCI groups and PINCH expression in
multivariate analysis (Table 11).
Table 11. Five-year survival rate (OS) with 95% confidence interval (CI) in the three
PCI groups according to PINCH expression in patients with pseudomyxoma peritonei.

PCI-I
PCI-II
PCI-III

PINCH negative

PINCH positive

n
3
7
4

n OS (CI)
8 90% (78-100)
16 74% (58-89)
43 40% (22-58)

OS (CI)
93% (83-100)
79% (65-93)
47% (26-67)

PCI=Peritoneal Cancer Index, PINCH= particularly interesting new cysteine-histidine protein
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Irrespective of histopathology, patients with a low PCI score survived longer
than patients with a high PCI score (P=0.001). However, the extent of tumour burden, i.e. PCI, did not correlate with the histopathological subtypes.
Macroscopically radical surgery was associated with longer survival
(P=0.001).
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Discussion

Certain aspects of PMP have been investigated in this thesis. During the last
25 to 30 years, treatment and outcomes have changed significantly for patients with PMP. This has been achieved thanks mainly to a change in our
perspective of this disease. From being viewed as a generalised disease it is
now regarded as a loco-regional disease. Our perspective of PMP has also
changed from considering it a very heterogenic disease to seeing it as a more
homogenised ailment. These changes are due to the work that has been done
regarding its origin.

Paper I
In a classical setting PMP develops from an appendiceal neoplasm. To address the problem of follow-up on patients operated on due to suspicious
appendicitis where an isolated neoplasm is found, more knowledge was
needed regarding the time-frame of the PMP’s development. This timeframe was analysed in Paper I and it was also studied whether there was any
difference between the two types of PMP regarding tumour burden and time
to develop PMP. Patients with PMP had had an isolated appendiceal neoplasm removed about a year to a year and a half prior to their treatment for
PMP. There seems to be no difference between the two histopathological
subclasses regarding the length of time between the appendectomy and the
tumour burden found in patients at their treatment for PMP.
However, the surgical outcome in the two subclasses differs in that MCP-H
has a much lesser degree of complete cytoreduction. These patients have the
same tumour burden as the patients with MCP-L, though there is no statistical difference in tumour burden between the two groups other than a numerical one. This is probably due to the small sample size in this report.
We chose the date for the patients’ PMP surgery as the “closing date”. This
was done mainly for the following reasons: to assess tumour burden, which
is very hard to do with imaging, and to make sure that the patients actually
had PMP. One weakness in this is that it will prolong the time-frame since
some patients will have a verified PMP diagnosis when they are referred for
CRS treatment.
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Since there is a close relationship between PMP and the presence of a neoplasm in the appendix it would be of interest to have a histopathology report
from every appendectomy so proper follow-up could be achieved. If a neoplasm is present the risk of developing PMP increases significantly, especially if there is any sign of invasion or perforation. These patients would probably benefit from second look surgery at a centre with CRS and HIPEC experience. McDonald et al. published a report classifying the appendiceal
lesions into two types: Type I (disease confined to the appendiceal lumen)
and Type II (mucin and/or neoplastic epithelium in the appendiceal submucosa, wall and/or peri-appendiceal tissue, with or without perforation)
(McDonald et al. 2012). They concluded that patients with Type II lesions
have a higher risk of developing PMP and should be considered for riskreducing CRS. In this study all patients would be classified as Type II and
they all developed PMP within a median of a year, regardless of pathological
classification. In McDonald el al., 63% of patients with Type II lesions were
treated with CRS and HIPEC and no evidence of disease was found at follow-up after a median of 40 months. But at the same time, the same thing
was true of the remaining 37% who had no treatment but just a “wait and
see” approach (McDonald et al. 2012). From this point of view it would be
hard to advocate a CRS procedure for all of these patients. Second-look surgery would probably be a safer path to take, preferably done laparascopically
but with access to CRS and HIPEC should disease be found to be present.

Paper II
A procedure as complex as CRS comes with a learning curve. The learning
process would be rather steep in the beginning and would flatten out later.
The period of the learning curve where the learning process flattens out usually indicates that the patient’s outcome stabilizes. Few studies exist concerning the numbers needed before stabilizing patient outcome in PMP patients and CRS. In Paper II, the learning process for CRS was studied. Only
data from PMP patients were analysed but the learning process will be affected by all CRS procedures no matter what histopathology the tumour has.
A hypothesis in the beginning of this study was that CRS on PMP patients
would be technically more demanding due to a higher tumour burden compared to other histopathology. Cashin et al. reported a mean PCI of 14.4 in
patients with CRC but in PMP patients, the PCI is 24.7 and this will make
the surgery more technically demanding (Cashin et al. 2011). With a higher
tumour burden, the extent of surgery is greater with an increased risk of
perioperative adverse events. Thus, extensive tumour burden would increase
the numbers of procedures needed before stabilization occurred. At the
same, time since PMP is a rare entity, the majority of procedures will be on
other tumours. Our results, 220 procedures, are higher than those previously
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reported, namely 130 by the Amsterdam group and almost 160 by the Milan
group and this could indicate that the hypothesis is correct since our results
are based on PMP patients alone (Smeenk et al. 2007, Kusamura et al. 2012).
The previously reported results come from patients with PM of different
origins.
Another reason why our data suggest a longer learning curve can be explained by the statistical analysis used to estimate the learning process. PLS
(also known as Projection to Latent Structure) is a method for modelling
industrial applications, but it is used in many areas of science and applications, including Multivariate Statistical Process Control (MSPC) in general
and chemical engineering in particular, but rarely in clinical situations.
PLS can be regarded as a substitute for the multiple regression method, especially when the number of predictor variables is large. This is often the
case in complicated surgery where the skills of the surgeon are crucial but
the growth of the tumour is also important. In such cases, there is seldom
enough data to construct a reliable model that can be used for predicting the
dependent data Y from the predictor variables X. Instead, we get a model
that can fit the training data while performing poorly on unseen samples.
PLS alleviates this problem by adopting the "often correct" assumption that,
although there might be a large number of predictor variables, the data may
actually be much simpler and can be modelled with the aid of just a handful
of components.
The idea is to construct a set of components that accounts for as much variation as possible in the data while modelling the Y variables as well. The Y
variables must be either continuous or categorized: a mixture of both cannot
be used in this model. By extracting a set of components, this method transforms the original data X to a set of t-scores, T. Similarly, Y is used to define
another set of components known as the u-scores, U. The t-scores are then
used to predict the u-scores, which in turn are used to predict the response
variables, Y. For a set of predictor variables, X, PLS predicts a set of relating
responses, Y. Thus, PLS works like any other regression model. We believe
that the PLS method is appropriate when evaluating such a complex and
multifaceted situation.
Another thing that affects the study results is the fact that all procedures are
accounted for in this report, no difference having been made whether it was
an initial CRS, a second-look surgery or a second CRS for a relapse. In most
cases the latter two procedures are more demanding than the initial CRS, but
these procedures will also affect the learning curve.
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Surgical outcome as well as histopathology are known to have an impact on
survival (Ronnett et al. 1995, Bradley et al. 2006, Deraco et al. 2006,
Youssef et al. 2011). In Group I, survival was at the same level as with
debulking surgery, but was improved in Group II. Surgical outcome improved as a result of increased experience, but Group II also had more favourable histopathology. All patients who had surgery because of PMP during the study period were included. However, the total number of patients
referred to the department was unknown, and knowing this number would
otherwise have illustrated patient selection more clearly. Moreover, it could
have pointed out whether patients with a more aggressive histopathology
were excluded from surgery more often than patients with a more favourable
histopathology. One cannot underestimate the importance of correct patient
selection for CRS. The ability to select patients who could benefit from the
CRS procedure is vital since the procedure has high morbidity and mortality
and requires significant resources.
In the surgical profession, learning is not only about increasing the surgeon’s
skills in the operating theatre. It is as much about understanding which patients benefit from a treatment and which patients do not. There are certain
difficulties when reporting the learning of surgical procedures. Surgical outcome is easy to comprehend, but patient selection is just as important as
surgical skills. The importance of the team around the patient cannot be underestimated and has been shown to improve the treatment outcome. Teams
involved in organizing patient care are patient-focused and efficiency is understood as maintaining quality of care and measuring benefits of care for
the patients (Arakelian et al. 2011).

Paper III
Reported results of CRS on PMP patient outcome showed increased survival
and a higher level of disease-free survival compared to debulking surgery.
One problem, however, was that no comparative studies existed. Only results
from one of the treatment strategies where reported in each paper. As one of
the first studies comparing the outcomes between debulking and CRS for
patients with PMP, the findings from this single institution seem to confirm
that CRS should be considered as the treatment of choice for patients with
PMP, since the likelihood of achieving R1 surgery is higher if CRS is performed. The frequency of adverse effects is high in both groups and a trend
towards an increased risk of AE was seen in the CRS group.
This report has several limitations that could weaken its conclusions, one of
which is the longer treatment period and the differences in patient characteristics between the two groups. Ideally, a randomized trial would be prefera59

ble. However, it is always difficult to run randomized trials in surgical oncology, where surgeons are supposed to do sub-optimal procedures in every
second case. Therefore, due to these circumstances and the fact that PMP is a
rare condition, we believe that this data analysis is appropriate. Moreover,
PMP is a heterogeneous disease, especially for the histopathology sub-type.
Accordingly, considering PMP as a benign disease is unjustified since it
could worsen the survival options of patients, especially those with high
grade PMP.
The overall 5-year survival rate for debulked patients in this study (40%)
was lower than previous debulking-based reports on PMP (Gough et al.
1994, Jarvinen et al. 2010). The inferior survival rate observed in debulked
patients in this study could be due to the presence of extensive tumour burden, i.e. a higher PCI, in combination with a higher frequency of patients
with the histopathology subtype of MCP-H. Therefore, advocating debulking
surgery for PMP patients could be biased if histopathology subtypes and
tumour burden (PCI) are not considered. Järvinen et al. report a 5-year survival rate of 67% in their latest study of debulked patients (Jarvinen et al.
2010). This result could be affected by patient selection, in that a majority
of the patients have a favourable histopathology, i.e. MCP-L. Both Ronnett
et al. and Bradley et al. have reported a poorer outcome for patients with
MCP-H, so most of these patients may not have been considered for multiple
surgical procedures (Ronnett et al. 1995, Bradley et al. 2006). Since the two
groups in our study were comparable in that both groups received IPC,
treatment extent and philosophy could be one of the explanations for the
survival benefit presented by CRS. Although the role of IPC cannot be addressed by this study, a previous study on comparisons between HIPEC and
SPIC demonstrated better survival in patients treated with HIPEC (Cashin et
al. 2011).
An attempt has been made to treat PMP patients with systemic chemotherapy (Gough et al. 1994). However, patients treated with this approach had
inferior long-term survival rates than those treated with CRS (Sugarbaker
2006). As PMP has extensive mucus and a less invasive nature, the rationale
for using a systemic treatment in this disease seems weak. However, the IPC
route could be advantageous as chemotherapy is administered locally. In
order to benefit from IPC, the tumour burden should be limited to a few millimetres as the penetration of the drug to the tumour nodules is limited to a
few millimetres (Mahteme et al. 2004). Therefore, the use of IPC in
debulked patients with a high tumour volume left in situ is questionable.
During the early stages of treating patients with PMP, debulking surgery was
the standard in our centre, since the attempt was only to reduce tumour burden. This was due to a sub-optimal surgical technique, since patients with
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tumours localized in the mid and lower abdomen only were targeted for R1
surgery. As CRS became the standard of care in our centre for patients with
PMP, and as the surgical team’s experience increased, more patients had R1
outcomes after surgery. Our current policy is to perform CRS in order to
achieve R1 resection. The introduction of an advanced procedure, such as
CRS, often results in an increased rate of both surgical and non-surgical
complications. Although the morbidity rate was high at 44%, it was within
the range suggested by earlier reports (Stephens et al. 1999, Verwaal et al.
2004).

Paper IV
A way of optimizing prognostic information in this rare disease is needed.
PMP classification according to Ronnett is probably the most frequently
used classification but it has some weaknesses and additional classifications
have been proposed. Ronnett classifies PMP into three grades (DPAM,
PMCA-I and PMCA) and the prognostic value for PMCA-I has been questioned because it includes tumours with very varied biology (Ronnett et al.
1995). In Paper IV, a new classification that would increase prognostic value
for all variants of PMP was examined. In addition to previously known
prognostic factors, low tumour burden (i.e. low PCI), macroscopically radical surgery and DPAM or PMP Groups I and II, according to the new proposed PMP group scale, were all found to be favourable prognostic factors
(Sugarbaker et al. 1999, Chua et al. 2011, Youssef et al. 2011). PMP is a rare
disease and because of this, the likelihood of pathologists, outside a peritoneal carcinomatosis centre acquiring enough experience to assess PMP histopathology is limited (Smeenk et al. 2008). The pathologists’ concordance
in our study was very good in both classification settings and this might reflect the body of experience of pathologists at peritoneal carcinomatosis
centres, despite the rarity of PMP. Thus, the pathologists’ inter-rater result
from this study may not be applicable in settings other than peritoneal carcinomatosis centres. However, in a peritoneal carcinomatosis referral centre,
the histopathological classification of PMP according to the newly proposed
PMP group classification may work equally robustly and may supply additional prognostic information, especially for the PMCA-I subgroup.
A simple and robust PMP histopathology classification is needed in order to
improve histopathological examination and reproducibility. Contrary to previous proposals and in order to minimize misunderstanding, four subgroups
of PMP are proposed (Ronnett et al. 2001, Bradley et al. 2006). PMP Groups
I and II comprise mucinous tumours of uncertain malignancy potential, i.e.
lacking both significant cellular dysplasia and invasive growth pattern but
with mucin within or outside of the appendiceal wall. PMP Groups III and
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IV often derive from mucinous carcinomas with moderate or high-grade
dysplasia and invasive growth pattern. There is no difference between the
Ronnett et al. system and the newly proposed PMP group classification for
defining and categorizing the extremes of the pathological subtype, i.e. PMP
Group I versus DPAM and PMP Group IV versus PMCA. All 27 patients
categorized as having DPAM by the Ronnett et al. classification fulfilled our
grouping criteria for PMP Group I and Group II disease. Furthermore, all 20
patients categorized by the Ronnett et al. classification as having PMCA
were categorized as having PMP Group IV disease in our classification
(Table 10). The difficulty occurs in the Ronnett et al. PMCA-I group, with
patients being categorized according to the newly proposed PMP group classification into PMP Groups II, III and IV (seven patients as PMP Group II,
20 in Group III and seven patients in Group IV). Therefore, PMCA-I as the
intermediate group consisted of nearly 40% of the cases. They should be
clearly defined so that reproducibility can be maintained in order to improve
the accuracy of prognosis.
Previous studies of PINCH protein expression have been conducted in, for
example, invasive colon and rectal cancers and those studies revealed that
stromal staining for PINCH protein was an independent prognostic factor for
colorectal cancer (Gao et al. 2004). There are well established clinical and
surgical prognostic indicators for PMP (Witkamp et al. 2001, Harmon et al.
2005). However, prognostic factors based on immunohistochemistry staining
for PMP are lacking. PINCH protein may be able to provide additional prognostic information. In our study, the five-year survival for patients with no
PINCH protein stroma expression was 85% compared with a 56% five-year
survival for patients in whom PINCH protein expression occurred in the
stroma. The reason why the higher PCI score correlated to the occurrence of
PINCH protein in the tumour stroma is not clear but may relate to the time of
tumour growth rather than the implicated biology, since PINCH expression
did not differ between histopathological subtypes.
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Conclusion
In this thesis, PMP has been investigated with regard to the development of
PMP from an appendiceal neoplasm, the learning curve when it comes to
CRS and PMP in particular, treatment outcomes concerning CRS and PMP
and prognostic factors.
•

•
•

•

Patients with a neoplasm in the appendix have an increased risk of
developing PMP within a year. Therefore, a second look surgery
within a year, to evaluate whether PMP has developed, is recommended at a centre with CRS and HIPEC ability.
CRS for PMP patients is a highly invasive procedure that demands
more than 200 procedures before optimisation in outcome is seen.
CRS improves survival and seems more efficient than debulking
surgery but with a numerically higher morbidity. CRS should be
the treatment of choice for PMP patients if surgically possible but
debulking surgery has its place in the palliative setting.
Both the existing and the newly proposed four-grade classifications have very good inter-rater agreement. PINCH and the fourgrade classification may provide additional prognostic information.

Future Perspectives
In this thesis some aspects of PMP have been clarified. Looking forward,
some issues are yet to be solved. More information is needed about the natural history of PMP, mostly so that adequate follow-up on patients with an
increased risk of developing PMP can be achieved.
When it comes to learning CRS, the vast majority of procedures will be on
patients with PM originating from tumours other than PMP and the learning
curve requires sufficient numbers of procedures. This is mostly due to the
fact that the learning period cannot be too long and that volume is important
when it comes to advanced procedures such as CRS. In a country like Sweden with a relatively small population, patients with PMP should be centralized to enable research and a higher quality of the treatment of this rare disease. There are currently no actual numbers of procedures needed per year
but to do one procedure per week is probably a minimum. Even at this rate
the learning period would still be three to four years.
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To be able to further improve results for these patients, better prognostic
factors and selection criteria are necessary. CRC patients with high tumour
burden are excluded from this combination treatment because very few have
complete cytoreduction and most of these relapse within a short period of
time. It might be that the same process should be considered for patients
with PMP, but that there should be a differentiation between the two types of
PMP. Moreover the cut-off on the PCI must be established for PMP as it has
been done for CRC. Currently, when it comes to prognostic markers, none
exists that provides us with the information needed. It is hard to imagine that
one marker alone would provide enough information so what is needed is a
combination of markers which can help us select the right patients for this
treatment. It is helpful to do a laparoscopy to assess tumour burden but on
PMP patients this would probably be hard to do since the cut-off on the PCI
would be rather high.
Finally, and probably the most important issue in improving results for PMP
patients and also for patients with PM in general, will be to increase our
understanding about this new treatment strategy regarding PMP and PM.
Today most of these treatments happen in tertiary centres, with a special
interest in PM, but most of our patients will have their first contact with the
healthcare system outside of these centres. They will be referred for treatment but in many cases a bit too late since CRS and HIPEC are not regarded
as a first line treatment but more as an option when systemic chemotherapy
fails. In CRC it has been shown that patients with a high tumour burden do
not benefit from this treatment. It is therefore of utmost importance that these patients are referred in a timely fashion, when it is still possible to achieve
a complete cytoreduction. In patients with PMP tumour burden is less likely
to affect treatment outcome in the same way as in patients with CRC but
with a higher tumour burden comes a higher risk for adverse events and
treatment related morbidity.

64

Sammanfattning (Summary in Swedish)

Bakgrund
Pseudomyxoma peritonei (PMP) är en ovanlig sjukdom som drabbar 1-2
personer/1000000 invånare och år. PMP karaktäriseras av slembildande tumörceller som växer på bukhinnan samt av fritt slem i buken. Historiskt har
det varit mycket diskussioner kring ursprunget till PMP, eftersom att alla
tillstånd med slem i buken benämndes PMP. Dessutom trodde man att det
var vanligare hos kvinnor än hos män och att ett av de vanligaste ursprungen
var äggstockarna. Senare studier har visat att blindtarmen är ursprunget till
ca 95 % av alla fall med PMP men att det förekommer även andra ursprung
också, såsom tjocktarm, äggstockar och bukspottkörtel. Man har också sett
att det inte finns någon skillnad mellan könen. PMP förknippas med rupturerat mucocele i blindtarmen, men det verkar dessutom som om det behöver
finnas någon typ av tumör närvarande. Cheng försökte framkalla PMP hos
kaniner genom att binda av blindtarmen och därigenom framkalla mucocele,
men dessa ”sterila” mucocele gav aldrig upphov till PMP. PMP förekommer
även i olika varianter med olika aggressivitetsgrad. Vilken variant av PMP
man har påverkar chansen till bot. Idag används fr.a. två klassifikationer:
enligt Ronnett med tre varianter eller enligt Bradley med två varianter.
Tidigare behandlades PMP med s.k. debulkingkirurgi, d.v.s. att man opererade patienten och tog bort så mycket tumör som möjligt, och när sedan patienten fick problem på nytt för att kvarvarande tumör växt till så opererades
patienten igen. Efter ett antal operationer blev detta inte möjligt att genomföra då sammanväxningar efter tidigare operationer gjorde det omöjligt att
operera. PMP behandlas sedan slutet av 1980-talet med cytoreduktiv kirurgi
(CRS) och uppvärmd cellgiftsbehandling som ges i samband med operationen (HIPEC). Denna kombinationsbehandling är mycket aggressiv, då man
först opererar bort all synlig tumör och sedan behandlar kvarvarande celler
med cellgifter under operationen. Resultaten för patienterna har förbättrats
markant när det gäller överlevnad men denna nya behandlingsstrategi har
fler komplikationer. Patienter som behandlats med debulkingkirurgi har ca
50 % femårsöverlevnad samt 20-30 % tioårsöverlevnad, men få förblir
friska, detta till skillnad från patienter som behandlats med CRS och HIPEC
där femårsöverlevnaden rapporterats vara 75-95 %. Dessa operationer tar i
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snitt ca tio timmar och det krävs ett stort antal operationer innan man behärskar denna kombinationsbehandling och dess komplikationer.
Då PMP är så pass ovanligt finns det nästan ingen kunskap om dess naturalförlopp. Följaktligen saknas också kunskap om vilka patienter som riskerar
att utveckla PMP. Dessutom finns begränsad kunskap om prognostiska faktorer som kan användas för att kunna välja ut vilka patienter som har nytta
av denna krävande behandling.
Syftet med studierna som redovisas i denna avhandling är att öka kunskapen
gällande naturalförlopp, behandling och prognostiska faktorer kring denna
ovanliga sjukdom.

Delarbete I
I delarbete I undersöktes tidsförloppet mellan operationen av en isolerad
tumör i blindtarmen och utvecklingen av PMP.
Ur PMP-databasen med 218 patienter behandlade mellan 1993 och 2011
identifierades 26 patienter där en tumör i blindtarmen konstaterats och där
inga tecken fanns på PMP vid blindtarmsoperationen. PMP klassificerades i
två varianter enligt Bradley: MCP-L och MCP-H. Det undersöktes även om
det var någon skillnad mellan de två varianterna i fråga om tid till utvecklingen av PMP samt om det var någon skillnad på hur mycket tumör patienterna hade vid operationen för sin PMP.
Medianen var 13,1 månader för utvecklingen av PMP från patientens blindtarmsoperation. Man hittade ingen skillnad i tid för utveckling av PMP mellan de båda varianterna av PMP: MCP-L 10,6 månader och MCP-H 13,9
månader. Vid PMP-behandlingen hade patienterna PCI 17, och man såg
ingen skillnad mellan de två varianterna av PMP: MCP-L 8 och MCP-H 22.
Trots att det inte var någon skillnad på hur mycket tumör som patienterna
med de två varianterna hade, så blev fler patienter med den ”snällare” varianten (MCP-L) av med all tumör: 94 % resp. 44 %. Den troliga orsaken till
detta var att patienter med MCP-H hade mer infiltrativ sjukdom i områden
där det är svårare att åstadkomma radikal kirurgi, d.v.s. under levern, i lig.
hepato-duodenale, omentum minus och Glisson pouch.

Delarbete II
I delarbete II studerades hur många operationer som behövdes innan man
tagit sig förbi inlärningsfasen när det gäller CRS på patienter med PMP.
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Patienter med PMP har behandlats på Akademiska Sjukhuset i Uppsala sedan 1993, initialt med debulkingkirurgi men sedan 2003 med CRS. Mellan
2003 och 2008 behandlades 128 nya PMP-patienter med CRS, och dessa
patienter bildade underlaget till denna studie. Här studerades endast det kirurgiska lärandet då patientselektionen och de andra yrkeskategoriernas inlärning inte var möjliga att studera. Klart var dock att patienter som blev
behandlade med CRS, men även för andra tumörer, hade inverkan på inlärningen. Då data från dessa ”andra” patienter saknades, numrerades patienter
med PMP efter vilket nummer på operationen patienten hade istället för vilken PMP-patient i ordningen patienten var. När resultatet av inlärningskurvan var klart så bildades två grupper med hjälp av detta resultat, och de båda
grupperna jämfördes med avseende på radikal kirurgi, komplikationer, reoperationer och överlevnad.
Inlärningskurvan stabiliserades efter ca 220±10 operationer. Stabiliseringen
inträffade efter PMP-patient 73. Utifrån detta resultat bildades två grupper:
Grupp I (73 patienter, inlärningsperioden) och Grupp II (55 patienter, efter
inlärningsperioden).
När man jämförde Grupp I och Grupp II, så blev fler patienter i Grupp II
radikalt opererade och blödningen under operationen minskade. Dock ökade
andelen medicinska/infektiösa komplikationer i Grupp II, men ingen skillnad
sågs i kirurgiska komplikationer. Patienterna i Grupp II hade bättre total
överlevnad än patienterna i Grupp I, men i de fall då de blivit radikalt opererad så var det ingen skillnad mellan grupperna vad gäller risken att få återfall.

Delarbete III
I delarbete III analyserades skillnaden i behandlingsresultaten mellan den
tidigare behandlingen, debulkingkirurgi, och den nya behandlingen CRS.
Patienter med PMP som behandlats i Uppsala mellan 1993 och 2008 inkluderades. Totalt 152 patienter identifierades men två exkluderades ur analysen då man inte kunde göra någon kirurgisk behandling på dessa två patienter. De övriga 150 patienterna delades upp i två grupper beroende på vilken kirurgisk behandling de hade fått: 40 patienter i debulkinggruppen och
110 patienter i CRS-gruppen.
Utfallet av kirurgin och vilken variant av PMP patienten hade var de enda
faktorer som påverkade överlevnaden. Fler patienter i CRS-gruppen blev
radikalt opererade: 72 % resp. 25 %. Radikalt opererade patienter hade bättre
femårsöverlevnad än icke radikalt opererade patienter. Vilken variant av
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PMP patienterna hade påverkade även överlevnaden: MCP-L hade bättre
femårsöverlevnad än MCP-H. PMP-varianten påverkade också risken för att
få tillbaka PMP efter att man blivit radikalt opererad. Patienter med MCP-H
fick snabbare recidiv än patienter med MCP-L.

Delarbete IV
I delarbete IV studerades värdet av en ny PMP-klassificering samt två patologers interbedömarvariabilitet. Dessutom undersöktes det prognostiska värdet av PINCH hos PMP-patienter.
I studien inkluderades 81 patienter med PMP som behandlats mellan 1993
och 2005. Bedömningen gjordes att PMP hade börjat i blindtarmen hos alla
patienter. PMP klassificerades enligt två klassifikationer: dels enligt Ronnett,
dels enligt en ny fyrgradig PMP-klassificering. Tumörpreparat från dessa
patienter färgades även för PINCH.
Interbedömarvariabiliteten var mycket bra när det gäller båda klassificeringarna, men man kunde inte se något samband mellan överlevnad och klassificeringen enligt Ronnett. Detta observerades emellertid med den nya fyrgradiga PMP-klassificeringen. Tumörerna färgades positivt för PINCH i 67 fall
(83 %), och detta var förknippat med sämre överlevnad.

Konklusion
Denna avhandling har belyst fyra aspekter av PMP, delar av naturalförloppet, inlärningskurvan när det gäller att lära sig CRS, skillnad i behandlingsresultat mellan debulkingkirurgi och CRS samt värdet av en ny PMPklassificering och PINCH som prognostisk markör.
•

•
•
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Patienter som opererat bort blindtarmen, där man hittat en neoplasi, löper ökad risk att utveckla PMP inom ett år efter blindtarmsoperationen.
Därför rekommenderas att det görs en kontroll operation inom ett år på
ett center med möjlighet att göra CRS-kirurgi samt behandla med varm
cellgiftsbehandling.
CRS-behandling på PMP patienter är en mycket avancerad behandling
och optimalt behandlingsutfall ses efter drygt 200 operationer.
CRS förbättrar överlevnaden och verkar vara effektivare än debulking
kirurgi men med en något högre frekvens av komplikationer. CRS borde
därför vara förstahandsbehandlingen av patienter med PMP medan debulkingkirurgi har sin plats i rent palliativt syfte.

•

Både klassificeringen enl. Ronnett och den nya klassificeringen har
mycket bra interbedömarvariabilitet. PINCH och den nya fyrgradiga
klassificeringen skulle därmed kunna tillföra ny prognostisk information.
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