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patients with gastrointestinal malignancy and perito-
neal mesothelioma 3–5.

The objectives of the present manuscript are to 
review the clinical tools currently available to assess 
carcinomatosis and to create a rationale for a new 
treatment strategy that involves crs and hipec. Results 
of treatment, together with a morbidity and mortality 
estimate, are presented. Benefits for that approach 
are compared with those for other treatments for 
metastatic disease.

The articles reviewed in the manuscript were 
selected by the authors for their relevance to the 
discussion, the clarity of the data presentation in the 
manuscript, and the reliability of the data presented. 
The articles are selected from the authors’ own work 
and from the collected knowledge of the carcinomato-
sis literature. This search was not computer-assisted.

2.	 QUANTITATIVE PROGNOSTIC INDICATORS

In the past, a major criticism of crs and hipec has 
been their high morbidity and mortality. Moreover, 
some groups of patients subjected to these costly 
procedures profited little. However, with the ac-
cumulation of critical clinical research, patients 
can now be selected using quantitative prognostic 
indicators. Currently, the outcomes of crs and hipec 
should be interpreted by evaluating the results of 
treatment according to quantitative prognostic in-
dicators. These prognostic indicators can be used 
to refine the selection of patients so that those most 
likely to benefit are included and those who are 
unlikely to benefit are excluded 6. The utility of the 
indicators lies in preventing patients from entering 
high-risk and costly management protocols if there 
is little or no likelihood of their improvement. Also, 
the indicators aid the decision-making process for 
multiple institutions around the world, allowing 
standardized management protocols and patient 
selection criteria to be established. The meaningful 
collaboration between the different institutions thus 
facilitated can increase the evidence base for the 
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1.	 INTRODUCTION

The management of gastrointestinal cancer continues 
to evolve. Although essential for cure, proper clear-
ance (R0 resection) of gastrointestinal cancer is not 
alone sufficient to control disease in all cases. The 
importance of maximal containment—for example, 
with total mesorectal excision in rectal cancer, or with 
complete mesocolic excision with central vascular 
ligation for colon cancer—is associated with reduced 
local recurrence and improved survival 1,2. An increas-
ing body of evidence suggests that knowledgeable 
use of cytoreductive surgery (crs) and hyperthermic 
intraperitoneal chemotherapy (hipec) is the next step 
in the evolution of optimal management of selected 
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treatment of peritoneal surface malignancy. Histo-
pathology, the peritoneal carcinomatosis index (pci), 
and radiologic imaging play a central role in refining 
patient selection for these complex treatments in 
appendiceal neoplasms, colorectal carcinomatosis, 
and peritoneal mesothelioma 6–8.

2.1	 Biologic Aggressiveness Measured by 
Histopathology

2.1.1	 Epithelial Appendiceal Neoplasms
Mucinous appendiceal neoplasms have a broad 
spectrum of aggressiveness. Adenomucinosis (called 
“low grade” by some histopathologists) describes a 
noninvasive peritoneal surface malignancy that may 
become widely disseminated on peritoneal surfaces. 
At the other end of the spectrum, peritoneal mucinous 
carcinoma (“high grade”) may show the same pro-
pensity for widespread intraperitoneal (ip) dissemina-
tion, but with invasion through the peritoneal surface 
and abdominal viscera. In the Ronnett classification, 
an intermediate type of disease exists in which 95% 
or more of the fields of view show adenomucinosis, 
but areas of mucinous adenocarcinoma exist 7. When 
survival is the endpoint, the intermediate group is 
included with the mucinous carcinoma group. At the 
Washington Cancer Institute, the patient’s histologic 
type has a profound effect on survival after treatment 
by crs and perioperative ip chemotherapy (Figure 1). 
The impact of histopathology on survival persists 
regardless of completeness of cytoreduction 8.

Recently, Bradley et al. 9 reviewed 101 patients 
with mucinous tumours of the appendix, all uni-
formly treated with crs and hipec, classifying them 
as disseminated peritoneal adenomucinosis (dpam), 
peritoneal mucinous carcinomatosis (pmca), or pmca 

with intermediate (“well differentiated”) features 
(pmca-i). Those authors concluded that survival was 
similar for the dpam and pmca-i groups, thus lead-
ing to their classification as mucinous carcinoma 
peritonei–low grade. Moderately-to-poorly differen-
tiated cases were classified as mucinous carcinoma 
peritonei–high grade 9.

Dichotomous categorizations of mucinous tu-
mours of the appendix have been adopted elsewhere, 
and what is emerging has a profound prognostic 
implication for histopathology. The management 
of low-grade (as compared with high-grade) ap-
pendiceal mucinous tumours results in improved 
outcomes  8–16. These pathology classifications are 
important because they give strong indications about 
outcome after crs and hipec. Patients with low-grade 
tumours appear to obtain maximum survival benefit 
from aggressive locoregional treatments; in patients 
with pmca, the results of treatment resemble those for 
peritoneal carcinomatosis of colorectal origin 14,15.

It may be important to establish that the descrip-
tions of the mucinous appendiceal malignancies ap-
ply specifically to the peritoneal surface component 
of the disease. Although the primary appendiceal 
mucinous neoplasm usually shows the same histol-
ogy, Ronnett identified patients in whom the primary 
malignancy and the tumour disseminated around 
the abdomen and pelvis showed discordant histolo-
gies. These findings of discordance were reported 
in approximately 6% of patients. Also important in 
interpreting the histopathology of appendiceal epi-
thelial neoplasms are the transitions that may occur, 
usually between dpam and pmca. These transitions 
may have a profound influence on survival 7. Also, 
the importance of “benign mucocele with rupture” 
should be mentioned. Patients with a localized collec-
tion of mucin in the right lower quadrant as a result of 
a ruptured benign mucocele should not be confused 
with patients who have a disseminated appendiceal 
epithelial neoplasm.

2.1.2	 Colorectal Carcinomatosis
For peritoneal carcinomatosis arising from a colorec-
tal primary, the importance of histopathology of the 
primary tumour is less definitive. In the recent French 
multicentre registry study, no significant difference in 
survival based on tumour differentiation in patients 
undergoing crs with ip chemotherapy was observed 3. 
On multivariate analysis, the variables found to be in-
dependent prognostic indicators for overall survival 
were the pci, completeness of the surgery, lymph node 
status, and adjuvant chemotherapy. When disease-
free survival was considered, then the experience 
of the centre performing the surgery also became a 
significant factor. The presence of liver metastases 
was a significant adverse prognostic factor in patients 
who underwent a complete cytoreduction 3.

In summary, tumour grade is not a dominant prog-
nostic factor for carcinomatosis in colorectal cancer.

figure 1	 Survival of all patients with epithelial appendiceal 
neoplasms treated by cytoreductive surgery and intraperitoneal 
chemotherapy. The red line represents patients with disseminated 
peritoneal adenomucinosis, and the blue line, patients with peri-
toneal mucinous carcinoma. Reproduced, with permission, from 
Sugarbaker, 2009 8.
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2.1.3	 Peritoneal Mesothelioma
At the Washington Cancer Institute, 7 pathologic 
types of peritoneal mesothelioma have been catego-
rized 17,18. These pathologic types can be classified 
into 3 groups based on prognosis after crs with ip 
chemotherapy: poor prognosis for the sarcomatoid, 
deciduoid, and biphasic types; intermediate prognosis 
for the papillary and epithelial types; and good prog-
nosis for the low-grade and multicystic types.

Yan and colleagues 5 reported the largest multi-
institutional registry study to date of patients with 
peritoneal mesothelioma treated by crs with ip che-
motherapy. Of 405 patients, 318 (79%) had epithelial 
tumours, and 48 (12%) had biphasic or sarcomatoid 
tumours. After crs with ip chemotherapy, median 
survival was 63 months for patients with the epithelial 
type and 16 months for patients with the biphasic or 
sarcomatoid type (p = 0.006, univariate analysis).

Cerruto and colleagues  18 further defined the 
impact of the epithelial histologic type of peritoneal 
mesothelioma on survival. This group of 62 patients 
received uniform treatment with complete cytoreduc-
tion and hipec. In a multivariate analysis of 14 differ-
ent histomorphologic parameters, nucleus/nucleolus 
size was a prognostic determinant. Adding nucleus/
nucleolus size to the histologic assessment of epithe-
lial peritoneal mesothelioma was important because 
most patients with peritoneal mesothelioma (>90%) 
have an epithelial type  18. In the Cerruto report, 
survival in patients with nuclear grade  i peritoneal 
mesothelioma treated by crs and hipec was 100% at 
10 years; in patients with nuclear grade ii, it was 50% 
at 10 years. Deraco and coworkers 19 reported that the 
strongest factors influencing overall survival were 
completeness of cytoreduction and mitotic count. 
Nuclear grade was significant in the univariate analy-
sis, but not in the multivariate analysis.

2.2	 Extent of Disease as Measured by the PCI

The pci is an assessment combining lesion size (0–3) 
with tumour distribution (abdominopelvic region: 
0–12) to quantify the extent of disease as a numeric 
score (0–39; see Figure 2) 6. The score is calculated at 
the time of surgical exploration of the abdomen and 
pelvis, although it can be estimated preoperatively by 
good-quality abdominal computed tomography (ct). 
The pci is of great value in the process of deciding 
between a surgically aggressive complete cytoreduc-
tion and a palliative debulking procedure.

2.2.1	 Epithelial Appendiceal Neoplasms
For mucinous appendiceal neoplasms that show 
the adenomucinosis histology, the pci is valuable in 
determining prognosis. If the pci is less than 20, this 
noninvasive malignancy has an excellent prognosis 
of 94% at 20 years when treated with crs and peri-
operative ip chemotherapy [Figure 3(A)] 8. However, 
if the adenomucinosis can be completely removed, 

even though the extent of tumour is great, the survival 
is 64% at 20 years. When the appendiceal mucinous 
neoplasm has an invasive component, as in peri-
toneal mucinous carcinomatosis, the pci continues 
to show a statistically significant effect on survival 
[Figure 3(B)].

Although pci does have considerable prognostic 
implications, it cannot be used to exclude patients 
with appendiceal epithelial neoplasms from an at-
tempt at complete cytoreduction. Even patients with 
peritoneal mucinous carcinoma with a pci greater than 
20 have a long-term survival of 30%. If abdominal 
exploration suggests that the cytoreduction will not 
be complete, then a contraindication to an attempt at 
complete cytoreduction arises. Careful scrutiny of the 
extent of mucinous tumour layered out on the small 
bowel is an essential part of this assessment.

2.2.2	 Colorectal Carcinomatosis
Results of large multicentre studies have identified 
several prognostic factors that can be used to improve 
selection of the colorectal patients with carcino-
matosis who will benefit from crs with hipec  3. A 
consensus on these indications has been established 

figure 2	 Peritoneal carcinomatosis index (pci). Two transverse 
planes and two sagittal planes divide the abdomen into 9 regions. 
The upper transverse plane is located at the lowest aspect of the 
costal margin, and the lower transverse plane is placed at the 
anterior superior iliac spine. The sagittal planes divide the abdo-
men into 3 equal sectors. The lines define the 9 regions, which are 
numbered clockwise starting with 0 at the umbilicus and with 1 
defining the space beneath the right hemidiaphragm. Regions 9–12 
divide the small bowel into upper and lower jejunum and upper 
and lower ileum. “Lesion size score” is determined after complete 
lysis of all adhesions and complete inspection of all parietal and 
visceral peritoneal surfaces. It refers to the greatest diameter of 
tumour implants distributed on the peritoneal surfaces. Primary 
tumours or localized recurrences at the primary site that can be 
definitively removed are excluded from the lesion size assessment. 
If a confluence of disease is matting abdominal or pelvic structures 
together, lesion size is automatically scored 3, even if the conflu-
ence of cancerous implants is thin. The pci is determined during 
the complete abdominal and pelvic exploration that is conducted 
before the cytoreductive surgery.
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within peritoneal surface malignancy treatment 
centres 20. The extent of colorectal carcinomatosis 
has been shown to be the most important prognostic 
factor determining survival even when complete 
cytoreduction is achieved 21.

The results of a recent multicentre study of 523 
patients from 23 centers in 4 French-speaking coun-
tries are illuminating  3. In patients with colorectal 
peritoneal carcinomatosis with a pci score of less than 
19, 5-year survival was 29%. When the pci score was 
more than 19, the 5-year survival was 7% after treat-
ment with crs and perioperative ip chemotherapy.

For colorectal carcinomatosis, it has been sug-
gested that crs plus hipec is not appropriate in patients 
with a pci score above 20, particularly in association 
with other poor prognostic factors such as evidence 
of lymph node involvement 22.

In cases of carcinomatosis synchronous with 
the primary tumour, a comparative retrospective 
study suggested that patients should be treated 
with crs followed by hipec at the time of primary 
tumour removal 23. This management plan avoids 
the theoretical risk of cancer dissemination through 
sites of peritonectomy and resection. The carcino-
matosis treatment centers in France have recom-
mended minimal surgery for the primary cancer 

with peritoneal seeding (such as diverting ostomy or 
exteriorization resection) before definitive resection 
with complete cytoreduction 3.

2.2.3	 Peritoneal Mesothelioma
On univariate analysis, a recent multi-institutional 
registry study including 405 patients with diffuse ma-
lignant peritoneal mesothelioma identified a pci score 
above 20 as a negative prognosticator for survival. 
Median survival was 119 months in patients with a 
pci score of 20 or less, compared with 39 months in 
those with a pci score above 20 (p = 0.002) 5. However, 
the patient who has relative small-bowel sparing so 
that a complete cytoreduction is contemplated may 
be considered for complete cytoreduction.

2.3	 Preoperative Radiologic Imaging by CT

Imaging by ct of the chest, abdomen, and pelvis is 
a useful tool in the selection of patients for crs and 
hipec. Major systemic metastatic spread to pleural 
surfaces can be excluded. The location and quantity 
of mucinous adenocarcinoma within the peritoneal 
cavity can be accurately determined 24. If the small 
bowel and its mesentery are involved with tumour, 
the chance of achieving complete cytoreduction is 
small. Computed tomography imaging performed 
with maximal intravenous and oral contrast can 
discriminate, with reasonable accuracy, between pa-
tients who have small-bowel compartmentalization 
and those who have diffuse involvement of the small 
bowel 24. Frequently, diffuse involvement of small-
bowel regions by mucinous tumour is seen in patients 
who have undergone earlier attempts at cytoreduction 
without the use of ip chemotherapy. Subsequent at-
tempts at complete cytoreduction are then rendered 
unlikely, with a negative impact on prognosis.

For appendiceal mucinous neoplasms, Jacquet 
and coworkers reported two radiologic findings that 
predict incomplete cytoreduction: segmental obstruc-
tion of the small bowel, and tumour masses more than 
5 cm in diameter associated with the small bowel and 
its mesentery (exclusive of the distal ileum). With 
those findings on preoperative ct images, patients had 
an 88% probability of incomplete resection; without 
such findings, the probability of complete resection 
was 92% 24.

The accuracy of ct imaging in identifying small 
peritoneal lesions is limited; very often, ct underesti-
mates the volume of disease, especially in peritoneal 
colorectal carcinomatosis. Positron-emission tomog-
raphy (pet) with the tracer fluorodeoxyglucose has an 
increasingly important role in the diagnosis, staging, 
and surveillance of malignant disease 25. The combi-
nation of functional pet data and detailed anatomic 
information provided by ct in dual-modality pet/ct 
further improves staging accuracy 26. Dual-modality 
pet/ct has shown early promise for aiding in the se-
lection of patients for crs with hipec 27,28.

figure 3	 Survival by peritoneal carcinomatosis index (pci) for 
mucinous appendiceal neoplasms. (A) Adenomucinosis patients 
with pci 1–20 (blue line, n = 165) or 21–39 (red line, n = 144). 
(B) Mucinous carcinoma patients with pci 1–20 (blue line, n = 82) 
or 21–39 (red line, n = 225). Reproduced, with permission, from 
Sugarbaker, 2009 8.
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In peritoneal mesothelioma, the anatomic loca-
tion of the tumour is a large determinant of surgical 
outcome. When crucial anatomic sites within the 
abdomen and pelvis are involved, the chance of 
obtaining complete cytoreduction is significantly 
reduced. These crucial sites include the epigastric 
and the small-bowel regions 29. Large tumours in the 
epigastric region may preclude a lesser omentectomy 
because of involvement of the right or left gastric 
vascular arcade. Removal of this site of disease of-
ten necessitates a total gastrectomy—a substantial 
undertaking, which, if not performed, will result in 
suboptimal cytoreduction. Also, preoperative recog-
nition of peritoneal mesothelioma that has become 
distributed within the small-bowel regions allows for 
the identification of patients who will have suboptimal 
cytoreduction. A subsequent decision for nonsurgical 
management may be appropriate, avoiding the high 
morbidity and cost of a treatment that may offer little 
or no benefit in terms of survival.

Figure 4 sets out a decision tree for the selection 
of an operative or non-operative approach in perito-
neal mesothelioma.

3.	 RATIONALE FOR PERIOPERATIVE IP 
CHEMOTHERAPY

The major advantage of ip therapy is regional dose 
intensity. After intracavitary drug administration, the 
peritoneal cavity is exposed to higher concentrations 
than are the other parts of the body. The concentra-
tion differential occurs because drug movement from 
peritoneal cavity to plasma (peritoneal clearance) is 
generally slow relative to drug clearance from the 
body. The penetration of ip chemotherapy into peri-
toneal carcinomatosis nodules is limited to between 
2 mm and 5 mm, even when combined with heat 30–32. 
For this reason, crs to reduce ip tumour volume is 
essential before hipec 33,34.

Traditionally, the surgical approach to peritoneal 
dissemination of appendiceal mucinous neoplasms 
consisted of serial debulking repeated until no further 
benefit could be achieved. The new goal is complete 
removal of all visible disease through visceral resec-
tions and peritonectomy. Residual free mucinous 
tumour cells and adherent nodules are treated with 
perioperative ip chemotherapy. The most common 
agent is mitomycin C heated to 42°C. Application 
of this novel method of chemotherapy marks a fun-
damental shift in approach from sequential adjuvant 
or neoadjuvant therapy to administration of chemo-
therapy simultaneously with the surgical procedure. 
It is applied only when residual disease is minimal 
(microscopic), by the ip route or by combining ip 
with intravenous chemotherapy. Timing is key, with 
chemotherapy moving to the perioperative setting. 
These treatments can result in a 20-year survival 
of 80% when complete cytoreduction of low-grade 
tumours is achieved 8.

3.1	 Role of Hyperthermia

Hyperthermia alone is cytotoxic at the cell and tissue 
levels, with formation of “heat shock” proteins 35–37. 
Cancerous tissues exhibit altered thermoregulation, 
having only a limited vasomotor response, and so 
massive cellular destruction occurs on prolonged 
exposure to heat. In addition, studies in cultured 
mammalian cells and in animal tumours show that 
hyperthermia can enhance the cytotoxicity of some 
chemotherapeutic agents  38. The commonly used 
intraoperative agents are mitomycin  C, cisplatin, 
and 5-fluorouracil (5fu), used alone or in various 
combinations, usually administered for 30–120 
minutes. For early postoperative ip chemotherapy, 
cell-cycle-specific drugs such as 5fu and paclitaxel 
are most frequently used, for up to 6 days. Perhaps 
the most important pharmacologic rationale for 
combining moderate heat (42°C) and heat-augmented 
chemotherapy agents in the peritoneal space is 
drug penetration 39.

4.	 MORBIDITY AND MORTALITY

For new treatments to become established, cost–ben-
efit, efficacy, and morbidity and mortality analyses 
are essential. The surgical team has a responsibility 
to ensure that morbidity and mortality are mini-
mized, and that the potential risks and benefits are 
balanced—both are fundamental in moving an 
experimental treatment to a standard of care 40. The 
development of crs and hipec treatment illustrates 
the importance of the learning curve. A number of 
centres around the world now have considerable ex-
pertise in the management of peritoneal malignancy, 
providing a useful insight into the factors that influ-
ence outcome. The surgeon’s performance has always 
been key, and the concept of “the learning curve,” 

figure 4	 The predictive value of computed tomography scan find-
ings by tree-structured diagram. ac = adequate cytoreduction; sc = 
suboptimal cytoreduction; sb/sbm = small bowel and small-bowel 
mesentery. Reproduced, with permission, from Yan et al., 2005 29.
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a favourite of those interested in the introduction of 
new technologies 41. Several authors have reported 
on the “global learning curve” as the knowledge base 
arising from specialized centers around the world 
increases. Experienced centres are now reporting 
substantial reductions in the morbidity and mortality 
initially seen after crs with hipec 42–44. Recent reports 
from the Australian group led by Morris exemplifies 
the improvement in perioperative outcomes, surgi-
cal results, and long-term survival that come with 
centralizing this complex treatment strategy in an es-
tablished peritoneal surface malignancy center 45,46. 
Over a 12-year period, 308 crs procedures with ip 
chemotherapy were performed. That 12-year period 
was divided into 3 discrete periods. The numbers of 
older patients with higher pci scores (>17) selected for 
treatment were observed to increase over that time; 
however, concomitant decreases were observed in the 
length of the postoperative stay in the intensive care 
unit, in the requirements for blood transfusion, and 
in mortality. The proportion of complete cytoreduc-
tions increased, with improved long-term survival, 
suggesting a maturing of the surgical approach taken 
to treat peritoneal surface malignancy—a result of 
improved patient selection, intraoperative decisions, 
and perioperative care.

In a recent manuscript concerning 456 patients 
having crs and perioperative ip chemotherapy for an 
appendiceal epithelial neoplasm, the postoperative 
in-hospital mortality was 1.6%, and grade 4 morbid-
ity, 7%. Reoperation for bleeding occurred in 3% 
of patients and for anastomotic leak in 2%. Also, 
intestinal fistulae were reported in 2% 47.

Continued study and publication of the risks 
associated with crs and hipec, centralization of 
services, and collaboration between units will be 
instrumental in a continuing to reduce morbidity and 
mortality. The learning curve comprises a combina-
tion of surgical and institutional awareness of the 
issues, a willingness to learn from established units, 
and an understanding of the infrastructure require-
ments needed to sustain a service for these complex, 
but eminently treatable, conditions.

5.	 RESULTS OF TREATMENT

5.1	 Epithelial Appendiceal Neoplasms

Some recent reports concerning systemic agents 
may be useful for the management of epithelial ap-
pendiceal neoplasms.

A few single-case reports have detailed stabili-
zation of disease with chemotherapeutic agents and 
monoclonal antibodies such as bevacizumab 48,49.

A single phase ii study reported treatment of pa-
tients with pseudomyxoma peritonei with systemic 
mitomycin C and capecitabine 50. Of the 40 patients 
enrolled in the study, none had received systemic 
mitomycin C or 5fu before inclusion. Patients were 

grouped according to progressive or stable disease 
judged, before enrolment, to be unresectable because 
of tumour encasement of the stomach or because of 
small-bowel involvement or fistulation. Computed 
tomography was used to identify disease progression 
at regular intervals during treatment. In 15 patients 
(38%), systemic chemotherapy produced benefit in 
terms of reduction in tumour volume on ct or of 
disease stabilization if previously progressing. Me-
dian follow-up in these patients was 17 months; the 
durability of the response is not clear.

Yan and colleagues systematically reviewed the 
ten most recent updates before 2006 from institu-
tions performing crs with ip chemotherapy 4. There 
were no randomized controlled trials or comparative 
studies. Five studies had relatively large series (more 
than 100 patients). The 5-year survival rates varied 
between 33% and 56%, and mortality rates ranged 
between 0% and 18%. Promising long-term results 
were reported. No recent historical controls have 
been published for comparison. With experienced 
centers reporting long-term (20-year) survivals of 
80% in patients with low-grade disease in whom 
complete cytoreduction was achieved, the impor-
tance of identifying such patients is clear 8. Figure 5 
presents comparisons of patient survival at institu-
tions performing traditional debulking treatments 
with or without systemic chemotherapy 51.

There is no doubt that the paradigm for a 
“comprehensive management plan” is the treat-
ment of peritoneal dissemination of epithelial 
appendiceal neoplasms by crs and hipec. The 
value of such a management plan is also evident 
in the treatment of colorectal carcinomatosis and 
peritoneal mesothelioma.

figure 5	 Treatment of appendiceal epithelial neoplasms and 
pseudomyxoma peritonei syndrome at 4 well-known centres. The 
only institution to use cytoreductive surgery simultaneously with 
chemotherapy was the Washington Cancer Institute. The other 3 
institutions used serial debulking combined with systemic chemo-
therapy or delayed intraperitoneal chemotherapy. Reproduced, with 
permission, from Sugarbaker, 2006 51.
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5.2	 Peritoneal Carcinomatosis from Colorectal 
Cancer

Since the development of new systemic chemotherapy 
protocols using irinotecan and oxaliplatin and of 
new targeted therapy with monoclonal antibod-
ies, the prognosis in metastatic colorectal disease 
has improved, with median survival reaching 24 
months  52–56. The recent study by Sanoff and col-
leagues 56 presented 5-year data and prognostic factor 
analysis of oxaliplatin and irinotecan combinations 
for advanced colorectal cancer. Median survival was 
reported as 20.2 months, with 5% 5-year survival. 
Unfortunately, none of the reports provide data on 
objective response and survival for the subset of pa-
tients with peritoneal carcinomatosis. In the reported 
patients, metastatic disease sites included mostly liver 
and lung, in which response was readily measurable 
by radiologic studies.

Specific mention of patients with peritoneal car-
cinomatosis is rarely made. As documented in several 
studies, peritoneal carcinomatosis is a unique manifes-
tation of metastatic disease, with a natural history and 
response to systemic chemotherapy that differs from 
that in liver or lung metastasis 52,57. A recent paper from 
Elias et al. 58 reported a median survival of 23.9 months 
in 48 patients with isolated and limited colorectal car-
cinomatosis treated with palliative surgery and modern 
systemic chemotherapy. Based on current evidence, 
palliative systemic chemotherapy for patients with 
colorectal carcinomatosis achieves a median survival 
of between 7 months and 24 months. In these patients, 
long-term survival is almost never achieved.

Published evidence of long-term survival 
with systemic chemotherapy in the treatment of 
peritoneal carcinomatosis from colorectal cancer 
is lacking. In sharp contrast, a number of recent 
multicentre registry studies, including a phase  iii 
study, have described treatment with crs and hipec. 
In the randomized controlled trial conducted at the 
Netherlands Cancer Institute, 105 patients were 
randomly assigned to receive either the standard 
treatment of systemic chemotherapy with 5fu, or the 
experimental treatment, which was an aggressive 
crs combined with hipec using mitomycin C. The 
patients who had crs and hipec received the sys-
temic chemotherapy regimen after the experimental 
treatment. At a median follow-up of 21.6 months, 
median survival was 12.6 months in the standard 
therapy arm and 22.3 months in the experimental 
therapy arm (p = 0.032 by log-rank test). This group 
concluded that cytoreduction followed by hipec 
improves survival in patients with carcinomatosis 
of colorectal origin 59. Figure 6 compares survival 
in colorectal carcinomatosis patients receiving crs 
plus hipec with survival in patients receiving sys-
temic chemotherapy alone.

In a large multicentre registry study of more than 
500 patients, those treated with the combination of 

complete crs with perioperative ip chemotherapy 
experienced median survival of 32 months and 5-year 
survival of 27% 22. Moreover, the long-term results of 
the randomized Dutch trial comparing mitomycin C 
hipec and crs with intravenous chemotherapy alone 
(5fu, leucovorin), reported a 2-year survival rate of 
43% in the hipec group compared with 16% in the 
control group (p = 0.014) 57. The benefits of crs and 
hipec remained with an 8-year follow-up 60. In the 
Dutch multicentre trial (n = 562), the probability of 
survival at 10 years was 37% 61.

There is no doubt that the patients treated with 
comprehensive management of carcinomatosis by 
crs and hipec are selected patients, usually with a 
lower volume of carcinomatosis than is generally 
seen by the oncologist. Elias and colleagues specifi-
cally addressed that issue, comparing 48 patients 
receiving systemic chemotherapy for small-volume 
carcinomatosis with 48 patients undergoing crs 
and hipec. In the group treated with systemic che-
motherapy, patients received a mean of 2.3 lines of 
treatment. The 2-year and 5-year overall survival 
rates were, respectively, 81% and 51% for the hipec 
group and 65% and 13% for the standard-treatment 
group. Median survival was 62.7 months in the hipec 
group and 23.9 months in the standard-treatment 
group (p  < 0.05 by log-rank test)  58. Although 
patients with isolated resectable peritoneal carci-
namatosis achieved a median survival of 24 months 
with modern chemotherapies, only crs plus hipec 
was able to prolong median survival to 63 months, 
with a 5-year survival of 51%.

Currently there is no evidence from the oncology 
literature to support the use of systemic chemotherapy 
alone to treat the subset of colon cancer patients with 
carcinomatosis. Until more data become available, 
the management strategy supported by the literature 
is crs plus hipec.

figure 6	 Survival of patients with metastatic colorectal cancer 
treated with cytoreductive surgery plus hyperthermic intraperitoneal 
chemotherapy or systemic chemotherapy alone. Modified from Elias 
et al., 2010 3, Sanoff et al., 2008 56, and Verwaal, 2009 61.
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5.3	 Diffuse Malignant Peritoneal Mesothelioma

Some available evidence reports a benefit for sys-
temic chemotherapy in the treatment of pleural me-
sothelioma  62. Combination therapy with cisplatin 
and pemetrexed shows promise compared with the 
modest activity seen with single agents. However, 
evidence to support combination therapy in peritoneal 
mesothelioma is minimal, with median survival of 
1 year 63,64. Numerous phase ii studies and a recent 
multi-institutional registry study of 405 patients dem-
onstrated long-term benefit with crs and hipec for the 
treatment of peritoneal mesothelioma (Table i) 5,65–71. 
In the systematic review by Yan and colleagues, 
median survival was reported to be 53 months, with 
3- and 5-year survival rates of 60% and 47% respec-
tively. On multivariate analysis, prognostic factors 
independently associated with improved survival 
were epithelial subtype (p < 0.001), absence of lymph 
node metastases (p < 0.001), complete cytoreduction 
(p < 0.001), and use of hipec (p = 0.002). Based on the 
available evidence, the standard of care for peritoneal 
mesothelioma is crs with hipec, supplemented by sys-
temic chemotherapy in selected patients 5. Treatment 
should given at an experienced centre.

5.4	 Comparisons of the Management of Liver 
Metastases from Colorectal Cancer and Peritoneal 
Carcinomatosis from Colorectal Cancer

Liver resection for selected patients with colorectal 
metastatic disease is now considered a standard of 
care. This standard was achieved through an evo-
lutionary process, and no prospective randomized 
clinical trials have been published to justify this 
cornerstone of colorectal cancer treatment. It is ret-
rospective reviews of multi-institutional studies that 
form the basis of this strategy 72–74. In a systematic 
review, Kaido and Uemoto concluded that no avail-
able level  1 evidence supported the superiority of 

surgical treatment over other treatments for colorectal 
liver metastases 75. However, it has become evident 
that there are prognostic indicators that can be used 
to select patients likely to benefit, and that complete 
resection of colorectal liver metastases is required for 
any hope of long-term benefit 76,77.

Although there are many differences between 
the management strategies for liver metastases 
and for peritoneal metastases, the similar benefits 
in survival achieved with radical resection of liver 
metastases and with complete resection of peritoneal 
carcinomatosis were described by Gertsch 78. Liver 
metastases are now treated with adjuvant or neoad-
juvant chemotherapy combined with liver resection. 
Peritoneal carcinomatosis requires ip chemotherapy to 
be administered at the time of resection in an attempt 
to treat any microscopic residual disease.

Subsequently, a number of groups have drawn the 
parallel between these two anatomic sites of locore-
gional spread, suggesting that both are amenable to 
surgical intervention. Shen and colleagues 79 identi-
fied 55 patients over a 14-year period who underwent 
complete cytoreduction and hipec for colorectal 
peritoneal carcinomatosis and 95 patients who had 
a margin-negative hepatectomy for colorectal liver 
metastases. With median follow-ups of 86 months for 
patients with colorectal carcinomatosis and 56 months 
for those with liver metastases, overall 5-year survival 
was not significantly different at about 30% in each 
group. The same research group published results of 
14 patients with synchronous liver metastases and 
peritoneal carcinomatosis from colorectal cancer who 
underwent crs and hipec with liver resection 80. Liver 
resection combined with crs and hipec resulted in pa-
tient survival that was similar to the survival achieved 
with crs and hipec alone. Overall median survival for 
patients with liver metastases was 23 months.

Cao et al.  81 recently reported results from the 
group in Sydney led by Morris. Outcomes in 46 pa-
tients who had complete cytoreduction for colorectal 

table i	 Phase ii data showing long-term benefit with cytoreductive surgery plus perioperative intraperitoneal chemotherapy in patients with 
diffuse malignant peritoneal mesothelioma

Reference Centre Senior
author

Year Patients
(n)

Median
survival
(months)

Brigand et al., 2006 65 Centre Hospitalier Lyon-Sud, Lyon, France Glehen 2006 15 36

Sugarbaker et al., 2006 66 Washington Cancer Institute, Washington, DC, U.S.A. Sugarbaker 2006 57 54

Alexander et al., 2007 67 National Cancer Institute, Bethesda, MD, U.S.A. Alexander 2007 49 92

Elias et al., 2007 68 Institut Goustav–Roussy, Villejuif, France Elias 2007 26 100

Yan et al., 2007 5 Multi-institutional study Yan 2009 405 53

Chua et al., 2009 69 St. George Hospital, Sydney, Australia Morris 2009 20 29

Yano et al., 2009 70 Basingstoke, U.K. Moran 2009 17 44

Baratti et al., 2010 71 Istituto Tumori, Milan, Italy Deraco 2010 83 60
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carcinomatosis were compared with those in 237 
patients who had a margin-negative liver resection for 
colorectal liver metastases. Of the 46 who underwent 
crs, 30 (65.2%) received hipec. With median follow-
ups of 19 months and 23 months in the peritonectomy 
and liver resection groups respectively, overall me-
dian survival was 37 months in both groups. These 
results demonstrate that, if complete cytoreduction 
can be achieved, crs and hipec is as effective in man-
aging peritoneal carcinomatosis as liver resection is 
for hepatic metastases.

6.	 CRITICISM OF CRS AND HIPEC

A review of the many manuscripts written on crs and 
hipec shows that none question the absolute require-
ment for adequate cytoreduction to achieve long-
term benefit. However, the hipec or hipec plus early 
postoperative ip chemotherapy techniques have not 
been well standardized. It is safe to say that the most 
effective locoregional chemotherapy regimen that 
maintains acceptable morbidity and mortality has not 
emerged. Drug selection varies widely, with oxalip-
latin and 5fu often used in Europe, and mitomycin C 
usually used in the United States. The technique of 
hipec administration has also not been standardized. 
The open method (“coliseum technique”) allows for 
extensive mechanical cleansing of abdominal and 
pelvic surfaces, but continues to attract criticism be-
cause of environmental safety concerns. The closed 
method allows for a larger volume of chemotherapy 
to enter the abdomen and pelvis under low pressure, 
but may not contact all abdominal and pelvic surfaces 
with chemotherapy solution.

Some observers may object that crs and hipec 
have not been evaluated separately, and efforts are 
ongoing to establish the role for hipec in the manage-
ment of carcinomatosis. Needless to say, surgeons 
have been trying to effectively—and potentially 
curatively—manage the peritoneal dissemination 
of cancer for many decades before perioperative ip 
chemotherapy was introduced. Not a single article 
reporting the success of surgery alone in the manage-
ment of carcinomatosis has ever been published. It 
is highly unlikely that surgery alone would achieve 
a cure of carcinomatosis from appendiceal malig-
nancy, from colorectal cancer, or from peritoneal 
mesothelioma. As time goes on and clinical research 
continues, the relative roles of combined ip chemo-
therapy and systemic chemotherapy will need to be 
made clearer.

7.	 DISCUSSION OF CRS PLUS HIPEC VERSUS 
TRADITIONAL MANAGEMENT

In many centres specializing in peritoneal surface ma-
lignancy, crs with hipec (combined when appropriate 
with systemic chemotherapy) is now the standard of 
care in selected patients. Numerous centres around the 

world are presenting encouraging long-term survival 
outcomes for mucinous appendiceal neoplasms, col-
orectal carcinomatosis, and peritoneal mesothelioma. 
No alternative strategies are forthcoming; there is a 
paucity of published data to support systemic chemo-
therapy alone for this group of patients. Nevertheless, 
the wider oncology community has been generally 
reluctant to accept crs with hipec.

Are additional clinical data needed before crs 
and hipec are accepted as the standard of care for 
treating mucinous appendiceal neoplasms, selected 
low- to moderate-volume colorectal carcinomatosis, 
and peritoneal mesothelioma? Currently, no available 
data support systemic chemotherapy as an alternative 
to crs and hipec as a standard of care. It must be re-
membered that no randomized controlled trials have 
been performed to prove that resection of colorectal 
liver metastases is superior to systemic chemotherapy 
alone, and yet that approach has been assimilated into 
standard treatment protocols. Although crs and hipec 
for peritoneal carcinomatosis show a benefit similar 
to that for resection of liver metastasis in colorectal 
cancer, many oncologists continue to regard crs and 
hipec therapy as experimental.

A recent paper from the University of Pennsyl-
vania by Casarett and colleagues discussed quality 
improvement initiatives and when they should be 
classified as research  82. Quality improvement has 
become a major force in shaping health care 83. Two 
criteria were proposed to determine whether a quality 
improvement initiative should be viewed as research. 
First, if most of the patients involved are not expected 
to benefit directly from the knowledge to be gained, 
then the initiative should be reviewed and regulated 
as research. Second, if patients will benefit directly, 
and then if additional risks or burdens are imposed to 
make the results generalizable, the initiative should 
still be reviewed as research. Patients undergoing 
crs with hipec benefit from the treatment, and the 
published data show that the results are generalizable. 
Furthermore, the risks are similar to those published 
for other major gastrointestinal surgeries. Is it there-
fore time to start considering crs with hipec as an 
initiative to improve the quality of care in patients 
with peritoneal surface malignancy?

8.	 SUMMARY

An evolution of principles by which gastrointestinal 
cancer is treated can be traced starting from the end of 
the 1960s. Early on, the major goal of cancer surgery 
was clearance of the primary cancer and achieve-
ment of an R0 resection. Next, maximal containment 
during that resection was shown to be essential for 
locoregional control. Currently, not only clearance 
and containment, but also the knowledgeable use of 
crs plus hipec, must be implemented as a third crucial 
requirement for the surgical management of selected 
patients with gastrointestinal cancer.
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Clinical and pharmacologic parameters have 
been used to rethink requirements for optimal gastro-
intestinal cancer management. This practice-based 
evidence coming from multiple institutions and 
peer-reviewed publications shows long-term success 
with the new approach. As quantitative prognostic 
indicators have evolved, the clinical data for im-
proved selection of patients have developed. Also, 
the simultaneous (not adjuvant or neoadjuvant) use 
of locoregional chemotherapy in the perioperative 
period with the surgical intervention has been widely 
published. Finally, as experience with this technology 
has increased, the associated morbidity and mortality 
have diminished, making the treatments applicable 
to a larger number of patients.

The management of mucinous appendiceal 
neoplasms, including pseudomyxoma peritonei syn-
drome, has shown marked changes since the start of 
the 1990s. Comparison of results from prominent 
institutions suggests that long-term survival is 
greatly improved with crs plus hipec. For colorectal 
peritoneal carcinomatosis, no available evidence 
suggests that systemic chemotherapy alone is a 
treatment option. By contrast, multiple reports from 
many different institutions show that, in selected 
cases, crs plus hipec improves median survival and 
produces approximately 30% cure rates. Evidence 
for systemic chemotherapy treatments in peritoneal 
mesothelioma is also lacking. By contrast, when 
compared with historical data, crs plus hipec shows 
approximately 50% long-term survival and marked 
improvement. Acceptance of medical history in the 
treatment of liver metastases to reach a standard of 
care creates a strong rationale for acceptance of crs 
plus hipec as a standard of care. The treatment results 
for both conditions as compared in multiple reports 
are similar.

The options for management of peritoneal sur-
face malignancy have been expanded. Clinical data 
provide selection criteria for an optimal treatment 
that, compared with systemic chemotherapy alone, 
results in great benefit. Recent trends, as published 
by multiple institutions, suggest that, at experienced 
centres, crs and hipec are a new standard of care for 
appendiceal cancer, colorectal cancer, and perito-
neal mesothelioma.

9.	 FUTURE PROSPECTS

Despite the many accomplishments to date, contin-
ued clinical research into crs and hipec is mandatory. 
The optimal perioperative ip chemotherapy has not 
been established. Neither has the optimal integration 
of systemic with ip therapy been established. Treat-
ment regimens that combine a bidirectional approach 
(combined ip and intravenous administration) may be 
especially promising 84.

Data from pci scores clearly suggest that man-
agement of patients with minimal disease will result 

in the best survival outcomes. Referral of patients 
with early carcinomatosis rather than gross disease 
requires a fundamental change in the attitudes of 
oncologists toward the efficacy of crs and hipec. The 
continued use of suboptimal treatments that involve 
systemic chemotherapy alone needs to cease. Man-
agement of patients with minimal carcinomatosis 
must be the goal. Second-look surgery in patients at 
high risk for locoregional failure in colorectal cancer 
needs to be considered.
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