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12.1	 �Introduction

Peritoneal metastases (PM) of colorectal cancer 
are present in 5–10% of patients at the time of 
presentation for primary cancer treatment and in 
about 15–30% of patients with recurrent disease 
[1–3]. About 4–8% of these present with isolated 
peritoneal metastases with no evidence of other 
visceral metastases [4]. Though PM have poorer 
prognosis than other sites of metastases like the 
liver, over the past two decades the use of an 
aggressive locoregional strategy of cytoreductive 
surgery (CRS) and hyperthermic intraperitoneal 
chemotherapy (HIPEC) has shown a significant 
benefit in overall survival as compared to sys-
temic chemotherapy alone in selected patients. 
The role of HIPEC is currently being evaluated in 
randomized controlled trials  (PRODIGE 
7-ACCORD 15 trial (NCT00769405)). Moreover, 
the patients who are candidates for such treat-
ment are a small percentage of all patients with 

colorectal PM (CPM). Newer treatment strate-
gies are being investigated to improve the out-
comes in other patients. Since the patients who 
benefit most from such treatment are those with 
limited disease, the focus has been on more pro-
active approaches for prevention and early detec-
tion of colorectal PM (CPM). This chapter 
provides an approach to management of patients 
with CPM based on the current evidence and an 
update on the ongoing research in this field.

12.1.1	 �Approach to a Patient 
with CPM

Management of CPM requires a multidisci-
plinary team and is best carried out in centers 
experienced in delivering this form of treatment.

12.2	 �Pathophysiology 
of Peritoneal Dissemination

Understanding the disease biology forms the 
basis of treating CPM. The most common mech-
anism of dissemination of peritoneal metastases 
is by direct extension of the primary malignancy 
into the free peritoneal space. This can occur due 
to full-thickness involvement of the bowel wall 
(local peritoneal involvement) or due to spillage 
caused during surgery [5]. Once a viable, free 
cancer cell is present in the peritoneal cavity, 
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adhesion to the peritoneal surface is required in 
order to ultimately invade the peritoneum, prolif-
erate, and produce peritoneal deposits. In the 
postoperative period, production of reactive oxy-
gen species and inflammatory cytokines leads to 
upregulation of specific cell surface adhesion 
molecules leading to increased adhesiveness of 
cancer cells. Surgical trauma caused to the peri-
toneum is also known to increase the adhesive-
ness and metastatic potential of free intraperitoneal 
cells [6]. This creates a milieu that favors the 
development of PM. The adhesion molecules that 
have been implicated in this process are CD44, 
integrin α2β1, and mucin 16 (MUC 16) [7].

In cases of full-thickness involvement of the 
bowel wall, PM are seen in the vicinity of the 
primary malignancy, layered out under the right 
hemidiaphragm or involving the pelvic perito-
neum. Despite the fact that PM are present, cyto-
logical study of the peritoneal fluid is often 
negative. In women, a frequent site of the pro-
gression of peritoneal metastases is the ovaries, 
especially in the premenopausal women [8].

The most common site of metastatic spread 
from colorectal primary tumors is the liver. 
However, liver metastases have a more protracted 
course as compared to CPM which are more 
aggressive; Sugarbaker pointed out several dif-
ferences in the biology of CPM and colorectal 
liver metastases (Table  12.1). Liver metastases 
arise as a result of portal dissemination and have 
a lower metastatic potential as compared to PM 
which spread more rapidly.

Franko et al. analyzed individual patient data 
for previously untreated patients enrolled in 14 
phase III randomized trials done between 1997 
and 2008. This analysis concluded that patients 
with colorectal PM have a significantly shorter 
overall survival than those with other isolated 
sites of metastases. In patients with several sites 
of metastasis, poor survival is a function of both 
increased number of metastatic sites and perito-
neal involvement. The pattern of metastasis and, 
in particular, peritoneal involvement results in 
prognostic heterogeneity of metastatic colorectal 
cancer [9].

Apart from full-thickness bowel wall involve-
ment which is associated with PM in 50% of the 
cases, the risk of metachronous PM in patients 
with mucinous or signet ring cell carcinoma is 
11–36% and 9–36% in patients with a positive 
peritoneal cytology [10–13]. Mucinous histology 
is associated with a poorer overall and disease-
free survival regardless of the presence of perito-
neal dissemination.

Honore et al. performed a systematic review of 
the literature that included 16 clinical studies, all 
nonrandomized, 3 prospective and 13 retrospec-
tive, including 4395 patients. There were three 
situations that could result in a real higher risk of 
recurrent PM: synchronous PM, synchronous iso-
lated ovarian metastases, and a perforated primary 
tumor [14]. The risk was similar in patients with 
spontaneous and iatrogenic tumor rupture.

Patients with BRAF mutation have a higher 
risk of developing PM though the prognosis of 
patients of CPM with or without this mutation is 
similar [15].

Table 12.1  Comparison and contrast of liver metastases 
with peritoneal metastases from colorectal cancer 
[Adapted with permission from Ref. 8]

Liver metastases
Peritoneal 
metastases

Mechanism of 
dissemination

Portal vein Peritoneal 
space

Mode of progression Expansion of  
a parenchymal 
mass

Exfoliation

Metastatic efficiency Low High

Incidence with 
primary resection

20% 10%

Incidence with 
diagnosis of 
recurrence

50% 60%

Response to  
modern systemic 
chemotherapy

60% 30%

Benefit from 
reoperative surgery 
requires R-0 
resection

Yes Yes

Preventive strategies 
in existence

No Yes
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12.3	 �Clinical Presentation

Early peritoneal dissemination does not produce 
any symptoms. Symptoms occur when the dis-
ease is advanced and are usually nonspecific [16, 
17]. Ascites is seen at presentation in 28–30% of 
the patients with synchronous metastases and 
small bowel obstruction in 8–20% of the patients 
[3]. Hence, the use of imaging studies and diag-
nostic laparoscopy should be made in patients 
with a high risk for peritoneal dissemination to 
detect it early.

12.3.1	 �Evaluating the Extent 
of Disease Spread

CT scan is the most commonly used imaging 
modality for evaluating the disease extent though 
its sensitivity is only 23–76%, and it has a limited 
value in detecting low-volume disease and small 
tumor nodules [18, 19]. In general, the use of 
contrast-enhanced CT scan assists in identifying 
primary lesions of bowel, solid organ metastases, 
and nodal metastases. Visible cardiophrenic 
angle lymph nodes on CT scan are strongly asso-
ciated with the presence of peritoneal metastases. 
In a study of 114 patients, Elias et al. showed that 
the presence of these nodes had no prognostic 
impact after optimal cytoreductive surgery plus 
HIPEC [20].

Jacquet et al. compared the PCI predicted on 
preoperative CT scan with the surgical PCI and 
found that the accuracy of the CT scan was 
dependent on the lesion size. Small peritoneal 
nodules or masses less than 0.5 cm were detected 
in 28% of the patients preoperatively, moderate-
sized nodules 0.5–5.0 cm were detected in 72%, 
and gross nodules greater than 5 cm were detected 
in 90% [21]. When the nine abdominopelvic 
regions were compared, the pelvic region was the 
least accurate. Similarly, other investigators have 
reported a sensitivity of 11% for nodules less 
than 0.5  cm, 37% for nodules 0.5–5.0  cm, and 
94% for nodules greater than 5  cm [22]. Since 
here is such a strong relationship of extent of dis-

ease to outcomes, it is important to diagnose lim-
ited extent PM to improve outcomes [23–25]. 
Other imaging modalities have been investigated 
in an attempt to accurately predict the extent of 
PM, including diffusion-weighted MRI and 
PET-CT scan [25–30]. In a study by Low et al., 
MRI correctly categorized the tumor volume in 
20 of 22 patients, with an overall sensitivity and 
specificity of 88% and 74% [28]. Espada et  al. 
developed a scoring system with a diagnostic 
accuracy of 91% by evaluating DWI for detec-
tion of PM [31]. However, the sample size was 
small for both these studies, and other studies 
have not been able to replicate these results. In a 
recent meta-analysis based on 22 studies, MRI 
and PET-CT were shown to have similar per-
patient diagnostic accuracy to CT scan in predict-
ing the PCI, but the data was more robust for CT 
scan [32]. MRI requires 6 h of fasting and a strin-
gent protocol and is more accurate when used by 
experienced radiologists. It has shown a greater 
accuracy in detecting small-volume disease [33, 
34]. The use of these investigations needs to be 
individualized, keeping in mind that PM is usu-
ally more extensive than predicted by any one 
investigation [35].

The BIG-RENAPE and RENAPE working 
groups have developed the PeRitOneal MalIgnancy 
Stage Evaluation (PROMISE) Internet application 
(www.e-promise.org) to facilitate tabulation and 
automatically calculate the peritoneal cancer index 
(PCI) [36]. This application offers computer assis-
tance to produce simple, quick, but precise and 
standardized pre-, intra-, and postoperative reports 
of the extent of peritoneal metastases. In addition 
to the radiological score, pathological and surgical 
scores can be generated as well. Not only the peri-
toneal metastases but other aspects like peritoneal 
thickening, involvement of adipose tissue, and 
fluid density are taken into consideration in this 
application. It can be used by less experienced 
centers as well and can help in research and multi-
centric studies related to peritoneal metastases 
[36].

CT scan may be required in the postoperative 
period for the management of complications. 
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Dromain et al. reported CT findings in 51 patients 
in the first 15 days of CRS and HIPEC and found 
all the scans to have some abnormal findings. 
They concluded that findings like bowel and 
peritoneal thickening, increased intraperitoneal 
fat density, and compartmentalized ascites result 
from an inflammatory mesenteric reaction or 
inflammation of the small bowel or the perito-
neum and do not require specific treatment. A 
knowledge of these findings is essential for 
appropriate management of these patients [37].

12.3.2	 �Diagnostic/Staging 
Laparoscopy

A diagnostic/staging laparoscopy allows direct 
visualization of the peritoneal surfaces and can 
pick up small peritoneal nodules that cannot be 
detected by imaging studies. Laparoscopy can be 
used for early diagnosis of PM as well as selec-
tion of patients for CRS and HIPEC. Laparoscopy 
has been shown to prevent an unnecessary lapa-
rotomy in 7–41% of the cases [38, 39]. The pre-
ferred site of port placement is the midline to 
facilitate resection of the port sites in future 
CRS. Laparoscopy allows sampling of the perito-
neal fluid for cytology and biopsy of suspicious 
areas in evaluating response to chemotherapy 
[40]. It may be challenging to perform this proce-
dure in patients with multiple prior surgeries. 
Extensive adhesions may preclude a thorough 
evaluation. Certain areas where a laparoscopic 
evaluation may be suboptimal are infiltration of 
the diaphragm muscle, involvement of the porta 
hepatis and pancreas, and in the region of the 
celiac axis. In addition, involvement of the ure-
ters and pelvic sidewall may also be inaccurate. 
Iversen et al. reported that laparoscopy correctly 
predicted complete cytoreduction in only 29% of 
patients with recurrent colorectal cancers, com-
pared to 33, 80, and 87.5% of patients with meso-
thelioma, PMP, and synchronous colorectal PC, 
respectively [41]. This has been attributed to the 
fact that recurrent CRC often tends to infiltrate 
retroperitoneal structures like the ureters or pan-
creas. However, these areas are more accurately 
assessed on imaging, and a combination of imag-

ing techniques with laparoscopy should be used 
to select patients most likely to benefit from CRS 
and HIPEC [42].

12.4	 �Multimodality Treatment 
of Colorectal PM

The conventional treatment for colorectal PM is 
systemic chemotherapy. In the absence of defini-
tive treatment, patients are administered systemic 
chemotherapy with the goal of obtaining some 
prolongation in survival and symptomatic relief 
or both. The treatment of colorectal PM with 
CRS and HIPEC has significantly improved the 
survival of these patients though this is possible 
only in selected patients who are in good general 
health and have no extra-abdominal disease, and 
the extent of PM is limited. This treatment may 
not be a replacement for systemic therapies, and 
majority of the patients require systemic chemo-
therapy in addition to CRS and HIPEC. The opti-
mal treatment strategy needs to be individualized 
for each patient, and such decisions are best made 
by multidisciplinary teams at centers experienced 
in delivering this treatment.

12.4.1	 �Outcomes of Systemic 
Therapy as the Sole 
Treatment for CPM

Combination chemotherapy with or without tar-
geted therapy is the cornerstone of treatment for 
colorectal PM.  With the introduction of new 
agent like oxaliplatin and irinotecan, the overall 
survival which was rarely more than 12 months 
with 5-fluourouracil and leucovorin improved to 
almost 20  months (15.6  months with FOLFIRI 
regimen and 19.5 months with the FOLFOX reg-
imen) [42, 43]. It improved further with the addi-
tion of targeted agents like bevacizumab to 
20.3  months with FOLFIRI and 21.3  months 
with FOLFOX [44, 45]. Similarly, the addition of 
cetuximab to FOLFIRI increased the median sur-
vival to 19.9  months and 22.8  months with 
FOLFOX. This benefit was seen only in KRAS 
non-mutated tumors [46, 47]. However, these 
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studies were not carried out exclusively for 
patients with colorectal PM, and a large propor-
tion of the patients in these studies had liver only 
metastases which is a more favorable prognostic 
group.

Franko et al. reported the outcome of patients 
with colorectal PM from a pooled analysis of two 
large phase III trials from the North Central 
Cancer Treatment Group (NCCTG) that included 
2101 patients treated with systemic chemother-
apy, out of which 1646 patients were undergoing 
evaluation of first-line therapy and 455 for 
second-line therapy [48]. Only 44 patients (2.1%) 
had PM which is a significantly low rate as com-
pared to the expected incidence of 15–20%. 
Patients with PM had 30% reduction in overall 
survival as compared to those with other meta-
static sites, with a median survival of 12.7 months 
compared to 17.6 months when patients had no 
PM (HR = 1.32, 95% CI, 1.15–1.50; P < 0.001). 
The authors opined that the presence of PM 
should not affect the choice of the chemothera-
peutic regimen.

Klaver et al. reported the results of two similar 
studies from the Dutch Colorectal Cancer Group 
(DCCG) and came to the same conclusion as the 
North American group, both of which had a small 
percentage of patients with PM (4% and 6%, 
respectively) [49]. The proportion of patients with 
isolated PM were even lower—only 4/850 in the 
CAIRO study and 5/755  in the CAIRO 2 study 
[50, 51]. The studies analyzed the efficacy of dif-
ferent chemotherapy regimens in the first and sub-
sequent lines of therapy in the metastatic setting. 
In the CAIRO study, median OS was 10.4 months 
for patients with PM vs. 17.3 months for patients 
with no PM, (P < 0.001), and in CAIRO 2, this 
was 15.2  months vs. 20.7  months, respectively 
(P  <  0.001). These studies once again demon-
strated the poor efficacy of modern chemotherapy 
regimens in patients with colorectal PM.  There 
was no dose reduction in these patients or prob-
lem of tolerance, and the authors attributed the 
poor results to a biologically more aggressive 
nature of PM and a relative resistance to therapy.

Thus, although systemic chemotherapy is 
widely used to treat colorectal PM, there is no 
strong evidence showing its efficacy in this pat-

tern of spread of colorectal cancer, and there is a 
need for a more aggressive locoregional therapy 
that could address PM [52].

12.4.2	 �CRS and HIPEC for CPM: 
Current Evidence

In comparison to only systemic therapy, patients 
with PM treated with CRS and HIPEC can reach 
a median survival of 63 months and 2- and 5-year 
survival rates of 81% and 51%, respectively [53]. 
The aim of CRS is to achieve a complete resec-
tion of all macroscopic disease within the perito-
neal cavity so that the residual microscopic 
disease can then be treated with HIPEC. Two ret-
rospective and one prospective studies have 
looked at the role of cytoreductive surgery only, 
without adding any intraperitoneal chemotherapy 
treatment. In the patients that received complete 
resection of peritoneal disease, the 5-year sur-
vival ranged from 24 to 36% [54–56]. However, 
these studies included a heterogeneous group of 
patients, including 40–66% patients with the 
presence of distant metastases at the time of treat-
ment of peritoneal metastases; the absolute num-
bers were quite small, ranging from 31 to 125 
patients, and the data was collected over long 
periods ranging from 9 to 16  years [55, 57]. 
Considering these drawbacks and the nonran-
domized nature of the studies, it is difficult to 
draw inferences, but these studies do show the 
beneficial effect of CRS in PM.

Several single-institution and multicentric 
studies have been published regarding the out-
comes of this combined modality treatment, but 
few studies have compared CRS and HIPEC to 
systemic chemotherapy. Verwaal et al. conducted 
a phase III randomized trial comparing CRS and 
HIPEC to the then existing systemic chemother-
apy 5-FU and leucovorin [58]. One hundred and 
five patients were randomized to either systemic 
chemotherapy with palliative surgery for preven-
tion or treatment of complications, which was the 
standard treatment at the time of the study, or 
CRS and HIPEC with mitomycin C. The median 
overall survival was significantly better in the 
HIPEC group (22.2  months vs. 12.6  months; 
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P = 0.028). This benefit was despite the fact that 
over half the patients in the HIPEC group did not 
receive a CC-0/CC-1 resection due to extensive 
disease, indicating that they were not good candi-
dates for HIPEC. For the patients receiving CC-0 
resection, the 5-year survival was 45%, and these 
findings were confirmed even after an 8-year 
follow-up, when more than 90% of the events 
had occurred [59]. The main criticism of this 
study is that although this was a randomized trial, 
it was performed in the era of 5-FU-leucovorin, 
and chemotherapy and targeted therapy for 
colorectal cancer have evolved since then with 
good long-term survival. To address this issue, 
Elias et  al. compared 48 PM patients treated at 
various centers in France receiving palliative sys-
temic oxaliplatin- and/or irinotecan-based che-
motherapy to 48 patients who underwent 
additional CRS and HIPEC with oxaliplatin [53]. 
Both groups received a mean of 2.3 lines of che-
motherapy. Two-year and 5-year overall survival 
rates were 81% and 51% for the HIPEC group 
versus 65% and 13% for the standard group, 
respectively. The median survival was 
62.7  months in the HIPEC group, which com-
pared favorably to 23.9  months in the standard 
group (P < 0.05). The results of this study showed 
that a median survival of 63 months and a 5-year 
survival of 51% could be achieved in patients 
with isolated colorectal PM which was signifi-
cantly longer than the 24-month median survival 
achieved with systemic chemotherapy alone in 
patients with a similar disease extent.

Franko et  al. performed a case-control study 
comparing 67 patients undergoing CRS and 
HIPEC in addition to systemic chemotherapy to 
38 others receiving systemic chemotherapy alone 
and reported a significantly longer median sur-
vival in the CRS and HIPEC group (34.7 months 
vs. 16.8 months; P < 0.001) [60]. In another study 
by Franko et al., they performed a pooled analy-
sis of the survival data of patients with PM from 
two phase III chemotherapy trials (N9741 and 
N9841) and compared the outcomes to non-PM 
metastatic colorectal cancer [48]. The median OS 
(12.7 vs. 17.6 months, hazard ratio [HR] = 1.3; 
P < 0.001) and PFS (5.8 vs. 7.2 months, HR = 1.2; 

P = 0.001) were shorter for PM versus non-PM 
patients, and this unfavorable prognostic influ-
ence of PM remained even after adjusting for 
other factors.

Cavaliere et  al. reported the results of 120 
patients treated with the Italian Society of 
Locoregional Treatment in Oncology (SITILO) 
protocol at six Italian centers. Patients were 
treated with CRS and HIPEC with cisplatin 
(CDDP) and mitomycin C (MMC), and only 11 
underwent HIPEC with an oxaliplatin-based reg-
imen [61]. A complete cytoreduction CC-0 was 
achieved in 85.2% of the patients. The 3-year 
survival was 25.8% and increased to 33.5% in 
patients who had an optimal cytoreduction (CC-
0) (P  <  0001). In a multicentric study of 523 
patients from 23 French-speaking centers, Elias 
et  al. reported a median overall survival of 
30.1 months, 5-year overall survival of 27%, and 
a 5-year disease-free survival of 10% with CRS 
and HIPEC in PM [62]. The 5-year survival was 
29% in patients with no residual disease and 
14% in patients with residual disease <2.5 mm, 
and the group of patients with residual disease 
>2.5 mm had no 5-year survivors. On multivari-
ate analysis, the independent variables for sur-
vival were completeness of CRS, extent of PM 
evaluated by PCI, lymph node positivity, and the 
use of adjuvant chemotherapy. This study 
showed that CRS and HIPEC could be per-
formed with a low morbidity and mortality and 
resulted in a prolonged survival in patients with 
a PCI of <20. In another bi-institutional French 
study of 146 patients by Quenet et  al., where 
they included only those patients who had com-
pletely resected PM and PCI < 25 treated with 
either oxaliplatin or oxaliplatin with irinotecan 
as the HIPEC agents, the median overall survival 
(OS) was 41  months and median relapse-free 
survival was 15.7 months, with a 5-year overall 
survival rate of 42% and 5-year relapse-free sur-
vival of 16% [63]. Lymph node metastases and 
PCI were the only independent prognostic vari-
ables, and there was no difference in the survival 
outcomes between the two HIPEC regimes [63]. 
Sugarbaker et  al. presented their experience of 
CRS and HIPEC for PM in 318 patients [64]. 
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The median survival was 21.5  months for the 
whole cohort, but in patients receiving CC-0/
CC-1 resections, the median survival was 
36.6  months, compared to 18.3  months and 
7.6 months for CC-2 and CC-3 resections, again 
emphasizing the effect of completeness of 
CRS. This prognostic impact of completeness of 
CRS was maintained on multivariate analysis. 
The 3- and 5-year survival rates were 35% and 
25%, which are quite encouraging considering 
the fact that the mean PCI was 15.2, which is 
quite high compared to other studies in colorec-
tal PM. In another national patient cohort from 
Norway, Froysnes et al. reported a median sur-
vival of 47 months and a 5-year overall survival 
of 36% for their 118 patients; >95% of their 
patients had a CC-0 resection which further con-
firms the significant prognostic impact of a com-
plete cytoreduction [65].

In a systematic review of CRS and HIPEC in 
colorectal PM, Baratti et al. reported that in the 
eight studies where patients underwent CC-0 or 
CC-1 cytoreduction, the median survival period 
ranged from 16 to 51 months (weighted average, 
31.6  ±  10.3  months). The 5-year survival rates 
reported in nine series ranged from 22 to 50.5% 
(weighted average, 31.0 ± 9.4%) [66].

The results of all these studies (summarized in 
Table  12.2) suggest that CRS and HIPEC as a 
combined modality definitely offers a potential 
benefit in the scenario of PM, and possibly a 
major part of the benefit seems to be because of 
the cytoreduction. The role of HIPEC has been 
questioned for several reasons—a lack of unifor-
mity of HIPEC protocols, drugs, and carrier solu-
tions used, different methods of HIPEC 
administration (open, semi-open, closed tech-
niques), heterogeneity of patient populations 
treated, and lack of randomized trials in the era of 
modern chemotherapy and targeted therapy. 
Future clinical trials will also have to address 
these concerns to establish the position of this 
promising treatment in the treatment of colorec-
tal PM. Whether HIPEC adds a benefit over and 
above the CRS will be further clarified by the 
results of the hugely anticipated PRODIGE 7 
trial (NCT00769405).

12.4.3	 �Role for HIPEC

Studies evaluating the drugs used during HIPEC 
have shown that the drug penetration is limited 
to a few cell layers and hence complete resec-
tion of all macroscopic disease is essential to 
have a beneficial effect of HIPEC. HIPEC has 
several theoretical benefits. HIPEC is performed 
immediately after the surgery which ensures 
free dispersion of the hyperthermia and chemo-
therapy prior to formation of peritoneal adhe-
sions in which cancer cells may be trapped 
[67–69, 71]. Heat itself is cytotoxic and potenti-
ates the cytotoxicity of chemotherapeutic 
agents. Animal studies have shown the additive 
effect of combining hyperthermia with intraper-
itoneal chemotherapy compared to either of 
them alone [71, 72].

However, its additive effect in humans with 
colorectal PM has not been conclusively 
proven. There is a lack of fundamental research 
on intraperitoneal chemotherapy which has 
moved very rapidly from the laboratory bench 
to the bedside [73].

Very few prospective clinical trials have been 
set up to determine the ideal parameters in terms 
of time, temperature, perfusion technique, and 
cytotoxic drug dose or type. There are no defini-
tive guidelines for surgeons, and choice of tech-
nique is often determined by personal preference 
and experience [73]. However, for colorectal 
cancer, the protocol for oxaliplatin- and mito-
mycin C-based HIPEC has been standardized 
through consensus meetings and is widely 
adhered to (described later).

Conducting clinical trials in CRS and HIPEC 
is not only expensive, but the outcomes are diffi-
cult to evaluate, as pointed out by David Bartlett 
[74]. Unlike systemic therapy, the dose can be 
limited by a complication unrelated to the sys-
temic effects of the drug in phase I studies which 
makes drawing conclusions difficult. In phase II 
and III studies, the concerns are patient accrual, 
funding, lack of endpoints other than DFS and 
OS, and comparison with the outcomes of sys-
temic therapies which represents a “moving tar-
get” [74].

12  Multimodality Treatment for Colorectal Peritoneal Metastases
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Since all aspects of intraperitoneal chemother-
apy cannot be evaluated in clinical trials, research-
ers develop innovative animal experiments to 
study distinct aspects of HIPEC and other forms of 
intraperitoneal chemotherapy. Peritoneal metasta-
ses similar to that in humans can be induced in 
animals, and several small and large animal mod-
els have been developed and used for experimental 
purposes. Surgical techniques as well as various 
aspects of intraperitoneal chemotherapy have been 
studied [75, 76].

Most studies have successfully developed a 
clinically relevant model, and the focus of exper-
imental research has now shifted toward enhanc-
ing and refining intraperitoneal chemotherapy 
[74]. Pelz et al. showed that HIPEC is an effec-
tive treatment for peritoneal metastases in animal 
models and reduced macroscopic and micro-
scopic intraperitoneal tumor spread [73]. Another 
study showed that raised intra-abdominal pres-
sure combined with hyperthermia increased the 
tissue concentration of oxaliplatin [77].

Klaver et  al. compared CRS with CRS and 
heated saline perfusion, CRS and normothermic 
intraperitoneal chemotherapy, and CRS and 
HIPEC in a syngeneic rat CRC model. Every 
group consisted of 20 animals with a comparable 
PCI and surgical resection score. The primary 
endpoint was survival. The temperature for 
hyperthermia was set at 41–42°C as in the trial by 
Verwaal et al. [56]. A significant survival benefit 
was reported in both the HIPEC and the normo-
thermic intraperitoneal chemotherapy groups, 
but with the latter achieving the best result [78].

These animal studies provide a proof of prin-
ciple for both CRS and HIPEC. These studies do 
not evaluate pharmacokinetic aspects and tissue 
drug concentrations which are important.

The PRODIGE 7-ACCORD 15 trial 
(NCT00769405) has finished accrual, and the 
results will be available at the end of this year. 
Two hundred and sixty-four patients with CPM 
have been randomized to undergo CRS alone 
or CRS and HIPEC with oxaliplatin. The trial 
hypothesized that the addition of HIPEC to 
CRS should produce an overall survival benefit 
of 18  months over CRS alone. The secondary 
endpoints are recurrence-free survival, treatment 

toxicity, surgical morbidity, and factors influenc-
ing survival.

There are two concerns in the surgical com-
munity treating CPM.

	1.	 Should HIPEC be used in the treatment of 
CPM with CRS pending the results of 
PRODIGE 7?

Based on the above evidence, there seems 
to be a benefit of adding HIPEC to CRS as 
compared to performing CRS without HIPEC, 
since the reported survival in studies in which 
CRS and HIPEC both were used is longer. It is 
considered the standard of care in several 
countries for treating CPM with limited peri-
toneal spread. Hence, in the current scenario, 
when CRS is being performed for CPM, it 
should be coupled with HIPEC.

	2.	 How will the results of PRODIGE 7 influence 
current practice?

If the results of PRODIGE 7 favor the use of 
HIPEC, its role will be clearly established; how-
ever, if the result is negative, efforts will continue 
to determine the optimal drugs and regimens and 
methodology and to optimize other aspects to 
provide a clinical benefit of this therapeutic strat-
egy which, in selected patients, has dramatically 
changed the prognosis of this disease.

At the same time, it is important to keep in 
mind that the role of CRS is already established 
and cannot be undermined even though the 
importance of HIPEC is reduced. Patients should 
continue to be treated in specialized centers in 
order to give them the benefit of a high quality of 
cytoreduction which deeply influences the prog-
nosis of the disease in terms of disease-free and 
overall survival.

12.4.4	 �Systemic Chemotherapy 
in Addition to CRS and HIPEC: 
Before or After?

Both CRS  +  HIPEC and systemic therapy are 
increasingly used for the treatment of colorectal 
PM.  Subsequently, combined treatment strate-
gies have been introduced. However, there is a 
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worldwide controversy on the indication, effec-
tiveness, timing, and risks of perioperative sys-
temic therapy as adjunct to CRS  +  HIPEC for 
PM. The rationale for using systemic therapy is 
the prevention of hematogenous spread as more 
than 50% of the patients treated with CRS and 
HIPEC develop extraperitoneal recurrence [79]. 
Several large studies have shown a benefit of 
adding systemic chemotherapy to CRS and 
HIPEC, whereas some others have not [18, 80–
83]. In a study comprising of 231 patients with 
limited peritoneal disease treated with CRS and 
HIPEC at four expert French centers, patients 
who received early adjuvant systemic chemo-
therapy (within 3 months of surgery) experience 
a better DFS and OS compared to those who did 
not though this difference did not reach statistical 
significance [84]. The reasons for not administer-
ing adjuvant chemotherapy were a lack of evi-
dence, delayed recovery from surgery, patient 
refusal, and early disease progression [84].

The use of perioperative systemic therapy in 
the neoadjuvant (neoadjuvant chemotherapy—
NACT) or adjuvant setting has not been prospec-
tively investigated for patients undergoing 
CRS  +  HIPEC [80]. A neoadjuvant treatment 
strategy in order to downstage intraperitoneal 
tumor load, limit extensiveness of CRS, and pre-
dict the biological behavior of the tumor may be 
of potential benefit in these patients. Additionally, 
in patients who proved to respond to neoadjuvant 
treatment, adjuvant systemic therapy in the same 
regimen may be of value by treating systemic 
micrometastases. In a systematic review of the 
role of neoadjuvant and adjuvant systemic che-
motherapy as an adjunct to CRS + HIPEC, Waite 
et al. found seven eligible studies related to neo-
adjuvant chemotherapy, none of which showed 
strong evidence in favor of neoadjuvant systemic 
therapy [85].

A lack of response to NACT should not be 
considered an absolute contraindication to sur-
gery, and patients with limited disease amenable 
to a complete cytoreduction and no extraperito-
neal spread can still be treated with CRS and 
HIPEC with good long-term outcomes [86].

Ongoing clinical trials may provide more 
insight into patient selection and outcomes of 

neoadjuvant and adjuvant systemic chemotherapy 
with targeted therapy combined with CRS and 
HIPEC. The COMBATAC study (NCT01540344) 
is a phase II study that evaluates the effect as 
assessed by progression-free survival of periop-
erative systemic chemotherapy including cetux-
imab, combined with CRS and HIPEC in RAS 
wild-type colorectal PM patients.

The CAIRO 6 study (NCT02758951) is a pro-
spective multicenter randomized parallel group 
study in which colorectal PM patients of non-
signet histology, with PCI  <  20 and in whom 
CC-0/CC-1 CRS seems likely, will be random-
ized to neoadjuvant combination chemotherapy 
plus bevacizumab and CRS  +  HIPEC followed 
by adjuvant combination chemotherapy (experi-
mental arm) or CRS  +  HIPEC alone (control 
arm). The study will start as a randomized phase 
II study, and if the criteria of feasibility and safety 
are met, the study will continue as a phase III 
study with 3-year overall survival as primary 
endpoint. Clinical trials evaluating various 
aspects of treatment with CRS and HIPEC for 
CPM are listed in Table 12.3.

12.4.5	 �Long-Term Survival with  
CRS and HIPEC: Is There 
a Possibility of Cure?

Few patients undergoing CRS and HIPEC experi-
ence a prolonged DFS and OS. Goéré et al. ana-
lyzed the outcomes in 107 patients treated from 
1995 to 2005 who had a follow-up of more than 
5 years [87]. The median follow-up was 77 months, 
and the 5-year and 10-year survival rates were 
35% and 15%, respectively. Patients who were 
disease-free for 5 years after treatment of colorec-
tal PM or its recurrence were considered cured, 
and 17 patients (16%) belonged to this group; 14 
of these 17 patients never developed recurrence. 
The analysis excluded patients who died in the 
perioperative period or due to other causes. Cured 
patients had a significantly lower median PCI than 
patients who were not cured, 4 (3–16) and 12 
(2–36) (P = 0.0002), respectively. On multivariate 
analysis, a PCI of 10 or less was the only indepen-
dent factor predicting cure. A similar cure rate has 
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been reported in patients undergoing surgical 
resection of colorectal liver metastases [88–90]. 
Another study by the same authors confirmed 
these findings—the 5-year OS in patients undergo-
ing CRS and HIPEC was not significantly differ-
ent from those undergoing resection of liver 
metastases (36.5% and 38.5%, respectively) [91].

12.4.6	 �Role of Early Postoperative 
Intraperitoneal 
Chemotherapy (EPIC)

EPIC comprises of multiple intraperitoneal che-
motherapy applications administered through 
drains placed during surgery. Typically, three to 
five instillations are performed starting on post-
operative day 1. Some centers give multiple 
cycles of intraperitoneal chemotherapy combined 
with systemic chemotherapy, and this treatment 
continues for a few months after surgery—it is 
termed as sequenced intraperitoneal chemother-
apy (SIPC). 5-Fluorouracil (5-FU) alone or in 
combination with mitomycin C (MMC) is used. 
MMC 10–12 mg/m2 is administered on day 1 fol-
lowed by 5-FU based on body surface area 
(500  mg/m2 and 800  mg/m2) or on body mass 
(15 mg/kg) from days 2 to 5 [92, 93]. Alternatively, 
only 5-FU is used for 3–5 days [94].

Most of the evidence comes from small retro-
spective studies that include patients with PM 
from various primary sites, and the role of EPIC 
has not been evaluated separately in those. Elias 
et  al. performed a retrospective study of 64 
patients who had PC arising from CRC; 19 
(29.6%) of whom also had systemic metastases 
[79]. Seven patients were treated with CRS and 
EPIC and 27 patients with CRS and HIPEC. OS 
was lower in the EPIC group than in the HIPEC 
group, but not significantly.

They subsequently compared 23 patients 
undergoing CRS and HIPEC with oxaliplatin to 
23 others receiving EPIC following CRS which 
showed similar results though the morbidity with 
EPIC was more [95].

Mahteme et  al. compared 18 patients who 
underwent CRS with SIPC to historical controls 
with similar features treated with systemic che-

motherapy alone [96]. The 2- and 5-year surviv-
als in the SIPC group were 60 and 28%, 
respectively, whereas corresponding values in 
the control group were 10 and 5%, respectively. 
In all, 11 patients who were considered macro-
scopically tumor-free after CRS had a longer sur-
vival (34.5  months, 95% CI 28.7–75.7) than 
those who did not undergo CRS (10 months, 95% 
CI 15.7–70.0) (P  =  0.02). Five patients in the 
CRS and SIPC group experienced long-term sur-
vival after surgery (median 8.3 years, range 6.8–
9.1) [96].

In 1996, Elias et al. initiated a study compar-
ing CRS and EPIC to CRS alone that had to be 
closed prematurely due to poor accrual and 
patient dissatisfaction in the control arm. The 
2-year survival in this study was 60% in patients 
who underwent a complete cytoreduction com-
pared to 10% in patients who received palliative 
therapy, demonstrating the benefit of a surgical 
intervention [97].

Glehen et  al. reported results of a multi-
institutional study of 506 patients who underwent 
CRS and HIPEC with or without EPIC from 28 
institutions, in which 76% of the patients had 
HIPEC, 46% had EPIC, and 22% had both HIPEC 
and EPIC. A complete cytoreduction was obtained 
in 75%; HIPEC was commonly performed using 
mitomycin C (71%), mitomycin C and cisplatin 
(13%), and oxaliplatin (8%). EPIC was performed 
with 5-FU with or without mitomycin C (96%). 
With a median follow-up of 53  months, the 
median overall survival was 19.2 months and was 
32.4 months in patients with a CC-0 resection and 
34.8 months in patients with a low PCI. Moreover, 
no statistically significant difference was seen 
among patients treated with HIPEC, EPIC, or 
combined HIPEC/EPIC (overall survival, 19.2, 
19.2, and 21.6 months, respectively) [98]. Cashin 
et al. performed a case-control study comparing 
16 patients treated with CRS and HIPEC to 16 
others treated with CRS and SIPC.  The HIPEC 
group had a significantly better DFS and OS with 
a similar morbidity, and the authors recommended 
that it should be the preferred treatment for 
patients with CPM [99].

In another study comparing CRS and HIPEC 
with EPIC with CRS and HIPEC alone that 
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included 69 patients with CPM, there was no dif-
ference in the two groups though the morbidity 
was higher in the group receiving EPIC [100].

The above evidence does not answer any of 
the questions pertaining to the use of EPIC.

Is EPIC an alternative to HIPEC?
Is there a role of EPIC in addition to HIPEC?

Currently the ICARuS trial (NCT01815359) 
which is a phase II trial is accruing patients in the 
United States at the Memorial Sloan Kettering 
Cancer Center. In this trial HIPEC with mitomy-
cin C will be compared to EPIC with FUDR in 
patients with colorectal and appendiceal primary 
tumors following complete cytoreduction. The 
main caveat will be EPIC with FUDR which is 
not used at most centers.

Currently, several “expert” centers used EPIC 
in addition to HIPEC routinely; other centers 
don’t advocate its use.

12.5	 �Practical Concerns with CRS 
and HIPEC

12.5.1	 �Patient Selection for CRS 
and HIPEC

12.5.1.1	 �Patient-Related Factors
The two most important factors in selecting 
patients for the combined modality treatment are 
disease-specific factors (extent, histology) and 
the ability of the patients to withstand the proce-
dure. Recently, there has been a lot of attention 
being paid to patient factors that can influence 
outcomes, and these need to be considered while 
selecting patients for CRS and HIPEC.  The 
Eastern Cooperative Oncology Group (ECOG) 
performance score of 2 or less has been recom-
mended as a cutoff in a Peritoneal Surface 
Oncology Group International (PSOGI) consen-
sus statement in 2007 [101]. In one of the largest 
single-institution series to date, Levine et  al. 
demonstrated that compared to patients with 
ECOG 0 or 1, ECOG 2 patients had a HR of 2.8, 
and ECOG 3 or 4 had a HR of 4.3 for a poorer 

overall survival following CRS and HIPEC 
[102]. Other studies have demonstrated similar 
findings and confirmed its impact in multivariate 
analyses [103, 104]. Diabetics are more likely to 
develop complications compared to nondiabetics 
(27.5% vs. 15.3%; P < 0.001), as shown in a ret-
rospective series of 977 patients of which 91 
were diabetic [105]. In this cohort, although the 
DFS of diabetics remained similar to nondiabet-
ics, they had a significantly higher 30-day (8.8% 
vs. 2.7%; P = 0.007) and 90-day mortality rates 
(13.2% vs. 5.2%; P = 0.008). Similarly, age > 70 
seems to have a higher 30-day (13.6% vs. 3.9%; 
P  <  0.001) and 90-day (27.4% vs. 10.2%; 
P  <  0.001) mortality rates, although these out-
comes seem to improve with increasing surgical 
experience of a well-established program [105]. 
It is estimated that up to one-third of the patients 
with advanced colorectal cancer are malnour-
ished [106]. Several methods of assessment of 
nutritional status have been used like the 
Subjective Global Assessment (SGA) scale, pres-
ence or absence of sarcopenia as assessed on CT 
scan, and preoperative serum albumin levels. 
Malnourished patients as assessed by SGA had 
longer hospital stay and poorer survival [107]. 
Sarcopenic patients had a significantly higher 
rate of reoperation (25.6% vs. 12.1%; P = 0.012) 
and higher complication rates (OR 0.93; 
P = 0.018) compared to non-sarcopenic patients 
in a retrospective study of 206 patients by Vugt 
et al. [107]. Valle et al. showed that a serum albu-
min level of <35 gm/dl was associated with a sig-
nificantly higher rate of complications and 
enterocutaneous fistulas [108]. The presence of 
ascites appears to be a poor prognostic factor for 
most disease types treated with CRS and 
HIPEC.  In one series of 1000 patients, the 229 
patients who had malignant ascites significantly 
reduced the possibility of a CC-0/CC-1 resection 
(15% vs. 59%; P < 0.001) and were predictive of 
a worse overall survival [109].

12.5.1.2	 �CRS and HIPEC in the Elderly
Conventionally, age > 70 years has been consid-
ered a relative contraindication for performing 
CRS and HIPEC. Elderly patients have a reduced 
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physical capacity to recover from surgery and 
other medical comorbidities [110, 111]. However, 
based on the favorable outcomes in elderly 
patients undergoing major oncologic procedures, 
experienced centers have used this treatment for 
selected patients over the age of 70 [112, 113]. 
Passot et  al. reported outcomes in 188 patients 
over the age of 70  years undergoing CRS and 
HIPEC for various indications and reported a 
higher rate of “failure to rescue” in older patients 
leading to a higher mortality from surgical com-
plications. The overall morbidity in both groups 
was similar. A PCI > 12 was an independent pre-
dictor of increased morbidity [114]. Another 
study of 85 patients over the age of 75 reported a 
similar morbidity and mortality compared to 
younger patients in carefully selected patients 
[115]. Selected patients over the age of 70 years 
with a good performance status and limited dis-
ease spread can be taken up for CRS and HIPEC 
in experienced centers where treatment is carried 
out by multidisciplinary teams.

12.5.1.3	 �Disease-Specific Factors
A consensus statement from representatives from 
the major peritoneal surface malignancy centers 
from around the world listed eight clinical and radio-
graphic variables associated with increased chances 
of achieving a complete cytoreduction: [116]

–– Eastern Cooperative Oncology Group 
(ECOG) performance status 1 or less

–– No evidence of extra-abdominal disease
–– Up to three small, resectable parenchymal 

hepatic metastasis
–– No evidence of biliary obstruction
–– No evidence of ureteral obstruction
–– No evidence of intestinal obstruction at more 

than one site; small bowel involvement
–– No evidence of gross disease in the mesentery 

with several segmental sites of partial 
obstruction

–– Small-volume disease in the gastro-hepatic 
ligament

However, there are certain other factors that 
need to be considered.

12.5.1.4	 �Sugarbaker’s Peritoneal 
Cancer Index (PCI)

Though CRS and HIPEC can produce long-term 
survival reaching up to 50% at 5 years, this is only 
possible in selected patients. One of the two most 
important prognostic factors is the PCI.  Elias 
et al. in a retrospective study of 180 patients dem-
onstrated that there was no benefit of CRS and 
HIPEC in patients with a PCI of >17 even if com-
plete cytoreduction could be obtained. The sur-
vival was similar to patients with palliative 
debulking in patients with a higher PCI [117]. 
This may not be an absolute contraindication as 
some selected patients with a higher PCI may still 
benefit from CRS and HIPEC especially patients 
with mucinous tumors. In another multicentric 
retrospective French study comprising of 523 
patients, the 5-year survival of patients with a PCI 
of >20 was 10%. The authors considered a PCI of 
>20 with other poor prognostic factors like poor 
performance status, lymph node involvement, and 
poor response to chemotherapy as absolute con-
traindications for CRS and HIPEC [62].

Sugarbaker et al. in their study of 380 patients 
performed a receiver operating characteristic 
(ROC) curve analysis and identified PCI >12 as 
a predictive marker for disease recurrence with 
100% specificity [64]. Similar findings were 
reported by a Norwegian study of 47 patients 
[63]. Another study of 72 patients found no ben-
efit of CRS and HIPEC for a PCI of >16 [118]. 
CRS and HIPEC is not recommended for 
patients with a PCI of >17–20. A combination 
of imaging studies and diagnostic laparoscopy 
should be employed to select patients with lim-
ited disease extent and avoid unnecessary lapa-
rotomy in patients with more extensive disease. 
Long-term survival is possible only in patients 
with a PCI of <10.

12.5.1.5	 �Completeness 
of Cytoreduction

The second most important predictor of survival 
is the completeness of tumor removal. The com-
monly used score for this is the completeness of 
cytoreduction score (CCR) as defined by 
Sugarbaker. Only patients in whom a complete 
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cytoreduction (CC-0/CC-1) is deemed possible 
should be taken up for surgery. The survival in 
patients having a CC-2/3 resection is similar to 
those receiving systemic therapy alone, and such 
procedures should not be undertaken [119]. In a 
large study, analysis of outcomes in 506 patients 
treated with CRS and HIPEC found complete-
ness of cytoreduction to be the strongest predic-
tor of survival on multivariate analysis 
(P < 0.0001) [98]. In the PRODIGE 7 trial, only 
patients who have residual disease <1 mm were 
considered to have a complete cytoreduction and 
subject to randomization.

12.5.1.6	 �The Peritoneal Surface 
Disease Severity Score 
(PSDSS)

The peritoneal surface disease severity score has 
been suggested as a method of preoperative prog-
nostication of outcomes following CRS and 
HIPEC. The PSDSS incorporates clinical symp-
tom severity, extent of disease as peritoneal can-
cer index (PCI) calculated on CT scan or 
laparoscopy, and primary tumor histology [120]. 
This score was validated by a study evaluating 
1013 patients with PM and showed that PSDSS 
was capable of defining populations with a high 
or considerably lower likelihood of long-term 
survival after CRS/HIPEC [121]. However, other 
studies have not shown additional benefit of the 
PSDSS over PCI [122]. PCI continues to be used 
as the preferred tool in clinical practice and in 
clinical trials as well.

12.5.1.7	 �Response to Chemotherapy
Response to neoadjuvant chemotherapy (NACT) 
is predictive of a more favorable prognosis. In a 
study by Passot et al. of colorectal cancer patients 
receiving NACT prior to CRS and HIPEC, 
patients who had a complete or major response to 
chemotherapy had a significant improvement in 
survival compared to those who had a minor or 
no response (P = 0.0019). These survival differ-
ences were determined by an assessment of his-
topathologic specimens removed at the time of 
CRS and HIPEC. They concluded that histopath-
ologic response to NACT was a new prognostic 
tool for the management of peritoneal metastases 

from colorectal cancer [123]. Paul Sugarbaker 
proposes a differential approach to patients 
depending on the response to chemotherapy 
[124]. Ten percent of the patients are expected to 
have a complete response, and in these patients, 
HIPEC may not add to the survival benefit that 
has been obtained with chemotherapy alone. 
CRS may be performed for staging purposes with 
a thorough exploration and generous biopsies. In 
situations where the surgeon is confident, the 
same can be performed laparoscopically. Seventy 
percent of the patients receiving neoadjuvant sys-
temic chemotherapy have a minor response or no 
response. Though the probability of benefit of 
CRS and HIPEC is less in these patients, they 
should still undergo the procedure provided there 
is no extraperitoneal spread and a complete cyto-
reduction can be obtained [86]. If these patients 
received FOFOX as neoadjuvant therapy, then 
the drug for HIPEC should be mitomycin C with 
or without adriamycin instead of oxaliplatin. In 
those 20% of patients with a major response that 
falls short of complete response, CRS and HIPEC 
should be performed preferably using the same 
drug that was used for NACT [124].

12.5.1.8	 �Other Prognostic Factors
Several other factors have an impact on the out-
comes of patients undergoing CRS and HIPEC.

Peritoneal lavage cytology to detect free intra-
peritoneal cancer cells is accepted as part of stag-
ing for ovarian epithelial cancers and has 
prognostic significance in gastric cancer [125–
128]. In a large multicenter prospective study, 
EVOCAPE 2, peritoneal cytology was found to 
lack prognostic significance and furthermore did 
not predict for future development of PM in these 
same patients, including colorectal cancers [129]. 
However, it may have a role in predicting the risk 
of development of PM. There are currently two 
systematic reviews of intraoperative peritoneal 
lavage in colorectal cancer to determine risk of 
development of PM [130, 131]. Mohan et al. eval-
uated 18 studies (3197 patients) which evaluated 
the presence of free tumor cells and/or tumor-
associated antigens (CEA, Ras, Ca 19-9) in peri-
toneal lavage, while Bosanquet et al. evaluated 12 
studies (2580 patients) which used positive peri-
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toneal lavage cytology, immunohistochemistry, or 
PCR [130, 131]. In both these studies, a positive 
peritoneal lavage portended a negative impact on 
prognosis and risk of peritoneal metastases. 
However, both reviews were limited by the het-
erogeneity of method of analysis of peritoneal 
lavage and therefore cannot be recommended for 
routine use in staging strategies.

Serum tumor markers are routinely used for 
surveillance in colorectal cancer patients. Pita-
Fernandez et al. showed in a meta-analysis of 11 
randomized studies comparing intensive follow-
up compared to less intensive or no follow-up 
showed increased detection of asymptomatic 
recurrences and improved overall survival [132]. 
Serum carcinoembryonic antigen (CEA) is a 
widely used biomarker used for surveillance with 
sensitivity for relapse ranging from 41 to 97% 
[133]. Although not commonly used in the sur-
veillance of colorectal cancer, serum Ca 19-9 has 
a higher specificity compared to serum CEA for 
peritoneal metastases [134]. Moreover, in a study 
of 105 patients, although CT scan was the most 
sensitive investigation to detect PM, about 27% 
of the patients had elevation of the CEA and/or 
Ca 19-9 as their earliest indicator of disease 
recurrence. In a study of over 870 Chinese 
patients, elevated CEA and CA 19-9 levels were 
risk factors for peritoneal metastases [135]. Thus, 
serum tumor markers can be used in surveillance 
for detection of PM, in particular early recur-
rence when imaging may be nondiagnostic.

Tumor histology seems to play an important 
role in outcomes. Although adenocarcinoma is 
the commonest histological subtype, mucinous 
adenocarcinoma and signet ring cell adenocarci-
noma subtypes have more frequent peritoneal 
involvement [136]. The outcomes seem to be bet-
ter for mucinous adenocarcinoma than for the 
other types. In a retrospective analysis of the 
Netherlands Cancer Registry, PM of mucinous 
adenocarcinoma had a median survival of 
10.9 months vs. 7.4 months for adenocarcinoma 
vs. 6.6  months for signet ring histology 
(P < 0.0001) [137]. Multiple retrospective analy-
ses have shown that the overall survival in signet 
ring histology PM patients undergoing CRS/
HIPEC is dramatically worse than other sub-

types, with median survival ranging 
12–14 months and 5-year survival rates of 0–7% 
[138, 139]. In fact, in both the PSDSS and the 
colorectal peritoneal metastases prognostic surgi-
cal score (COMPASS), signet ring cell histology 
has been given special consideration signifying 
poorer outcomes [120, 140].

12.5.2	 �Surgical Strategies for  
Obtaining a Complete 
Cytoreduction

Cytoreductive surgery attempts to remove all 
macroscopic disease using a combination of peri-
tonectomy procedures and visceral resections 
which have been described by Sugarbaker [141]. 
When tumor involves visceral peritoneal sur-
faces, organ resections (splenectomy, large bowel 
or small bowel resection) are needed. When 
tumor involves parietal peritoneal surfaces, one 
of the five peritonectomies or stripping of the 
peritoneum is required [142]. One of the major 
limiting factors in obtaining a complete cytore-
duction is the extent of small bowel involvement 
as resection of large portion has nutritional con-
sequences [142].

12.5.2.1	 �Synchronous Resection 
of CPM and Liver Metastases

The presence of simultaneous liver and peritoneal 
metastases has been considered a contraindication 
for aggressive treatment at either of the disease 
sites [98, 143–145]. However, with reports of bet-
ter results with liver resection done even in the 
presence of extrahepatic disease, including PM, 
these contraindications have become less absolute 
[145]. In a study by Kianmanesh et al., 43 patients 
had management of PM and liver metastases, 3 
with liver resection prior to CRS/HIPEC, 10 done 
concurrently with CRS/HIPEC, and 2 done 
2 months following CRS/HIPEC [146]. The sur-
vival of patients in the CRS + HIPEC and liver 
resection group was similar to the CRS + HIPEC 
alone group (median survival 36.0 vs. 35.3 months; 
P = 0.73). Three other studies, with sample size 
ranging from 14 to 37 patients, have addressed the 
outcomes of patients undergoing CRS + HIPEC 
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with synchronous liver resection, in highly 
selected patient cohorts [147–149]. Elias et  al. 
selected 24 young patients with good perfor-
mance status, mild to moderate PM, moderate 
operative risk (no invasion of hilum, vena cava, 
hepatic veins, extensive PM), and responding or 
stable liver metastases after 3 months of systemic 
chemotherapy. At a median follow-up of 6.1 years, 
the only prognostic factor significant for recur-
rence was number of liver metastases >3 [147]. 
Maggiori et  al. compared 37 patients with syn-
chronous resection of liver metastases and PM 
with 61 patients with PM alone. CRS + HIPEC 
with liver resection fared worse in terms of overall 
survival compared to CRS + HIPEC alone (40% 
vs. 66%; P  =  0.04). Moreover, patients with 
PCI < 12 and no liver metastases had a median OS 
of 76 months compared to PCI < 12 and 1–2 liver 
metastases (40 months) and PCI >12 or >3 liver 
metastases (27  months) [149]. Based on these 
studies, it appears that performing concurrent 
liver resection and CRS for more than three liver 
metastases does not confer a significant OS ben-
efit and should be avoided. Elias and collaborators 
in a study of 287 patients with LM or PM or both 
found no difference in survival in the three groups 
of patients treated with liver resection, CRS and 
HIPEC, or both (Fig. 12.1) [150]. Based on this 
study, they developed a graphic nomogram that is 
simple to calculate and easy to use and can deter-
mine the prognosis of patients according to the 

number of LM, the PCI, or both. This nomogram 
needs to be validated in prospective studies.

12.5.2.2	 �Resection of Ovaries
Synchronous ovarian metastases (OM) are 
reported in 1–9% of women undergoing surgical 
resection of a primary CRC, and metachronous 
OM occur in 1–7% [151, 152]. In patients with 
CPM, more than half of the women have OM 
diagnosed either before or synchronously shown 
in a study of 194 patients by Verwaal et al. [153]. 
These investigators recommended that a bilateral 
oophorectomy should be performed for all 
patients undergoing CRS and HIPEC.  Patients 
with OM and PM have a similar OS and DFS 
when treated with CRS and HIPEC [154]. 
Women undergoing this treatment may not have 
completed their families and may be desirous of 
a future pregnancy. Of interest is the fact that in 
colorectal cancer, stromal involvement as 
opposed to capsular involvement is seen in 
majority of the patients as indicative to hematog-
enous spread [155]. Elias et al. evaluated the fea-
sibility of ovarian preservation in 106 women 
aged less than 41  years undergoing CRS and 
HIPEC for PM [154]. Oophorectomy was done 
(1) when the ovary was macroscopically involved 
with tumor; (2) in case of clinical suspicion for 
tumor involvement based on intraoperative mac-
roscopic inspection (presence of superficial tiny 
granulations or cysts); (3) systematically (contra-
lateral oophorectomy) in patients who had previ-
ous unilateral oophorectomy at the time of initial 
surgery due to macroscopic involvement of one 
ovary, while the other macroscopically normal-
appearing ovary was left in place; (4) when hys-
terectomy was needed due to tumor extent; and 
(5) in women who clearly did not want future 
pregnancy. Based on their findings, they recom-
mend that a bilateral oophorectomy should be 
performed in all women who have suspicious 
involvement of both ovaries, when a hysterec-
tomy is needed, and in women who do not wish 
to have anymore children. In women who have 
metastases in one ovary, the risk of contralateral 
ovarian metastases is 46% and a bilateral oopho-
rectomy is recommended in these women as 
well. In women with grossly normal ovaries, the 
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risk of occult metastases is 17% and the risk of 
future metastases to the ovary is over 50%. They 
recommend conservation of ovaries in some of 
these patients though pregnancy following CRS 
and HIPEC in patients with CPM has not been 
reported in the literature [154, 156].

12.5.2.3	 �Urological Procedures
Some patients with limited disease may require a 
resection of the kidneys, ureters, or bladder like 
nephrectomy, partial cystectomy, and resection 
of a segment of the ureter, to attain a complete 
cytoreduction [157]. If complete cytoreduction 
can be obtained, these procedures show a sur-
vival similar to other patients with limited 
CPM.  In this setting, resection of the ureters is 
very common and is never itself a contraindica-
tion to CRS; similarly, a nephrectomy is per-
formed when required for a complete 
cytoreduction. However, a total cystectomy 
though technically feasible could be considered 
unethical as it is unlikely to offer any oncological 
benefit. At the senior author’s institution, the pro-
cedure is never performed in the context of CRS/
HIPEC. One small study reported increased mor-
bidity with such procedures—the incidence of 
bowel fistulas and intra-abdominal abscesses was 
reported to be significantly higher though it was 
attributed to the extent of bowel resection rather 
than the urological procedure itself. Several other 
studies have reported no increase in morbidity 
[157–159].

12.5.3	 �HIPEC Methodology 
and Drugs

Several different HIPEC techniques have been 
elaborated for application in colorectal 
PM. Several drugs have been successfully used 
singly or in combination, at different concentra-
tions, in different perfusates, for different dura-
tions, and at different effective temperatures 
[160]. Each modification of one of these param-
eters implies conducting a new pharmacokinetic 
study, which is not feasible. While this topic has 
been dealt with elsewhere, broadly the com-
monly used techniques are open and closed tech-

niques. In an experimental study which compared 
the open to the closed technique, using intraperi-
toneal oxaliplatin at a temperature of 42°C, the 
systemic absorption and tissue concentration of 
oxaliplatin were higher by the open method. The 
closed method produced higher temperatures in 
the diaphragmatic cupolas, whereas the open 
technique performed better in other areas. 
Effective intraperitoneal hyperthermia could be 
achieved with both techniques, but systemic 
absorption and accumulation in the abdominal 
cavity were higher with the open technique [161]. 
There is no reported difference in the periopera-
tive and survival outcomes between the two tech-
niques [162]. In effect, it is very important to 
obtain a high and homogeneous temperature 
throughout the abdominal cavity, to routinely 
perform the same technique, which would render 
homogenous data for validation and analysis, as 
no prospective comparison of open and closed 
techniques of HIPEC in terms of survival, mor-
bidity, or pharmacokinetics has ever been 
reported [163].

There are two commonly used regimens for 
HIPEC for colorectal PM: the first using mitomy-
cin C (MCC) over 60 to 90 min at 41–43°C with 
a closed or open technique and the other using 
oxaliplatin (460 mg/m2 of oxaliplatin in 2 L/m2 of 
isoosmotic 5% dextrose) over 30 min, at a homo-
geneous temperature of 43°C (range, 42–44°C) 
with an open technique [164]. A bidirectional 
(intraperitoneal  +  systemic) intraoperative che-
motherapy which combines intraperitoneal oxali-
platin preceded by an intravenous infusion of 
5-FU (400 mg/m2) with leucovorin (20 mg/m2) is 
now mostly used for PM from CRC in Europe 
[164]. Current evidence does not show that one is 
superior to the other though there is a trend favor-
ing the use of oxaliplatin. The various regimens 
in use of CPM are listed in Table 12.4. MMC has 
been used due to its high molecular weight, tissue 
penetration up to 5 mm, and a favorable pharma-
cokinetic profile that permits increased intraperi-
toneal concentration with limited systemic 
toxicity [165]. Oxaliplatin has a higher response 
rate when used intravenously in the metastatic 
setting as compared to MMC.  Elias et  al. have 
shown the efficacy and safety of intraperitoneal 
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oxaliplatin in pharmacological and clinical stud-
ies [166]. Its efficacy and tolerance have been 
demonstrated in another phase I study from the 
United States [167]. Three retrospective studies 
have tried to compare outcomes of mitomycin vs. 
oxaliplatin HIPEC [168–170]. The Dutch study 
by Homes et  al. included 95 patients from two 
centers and did not show any difference in the 
survival outcomes between the two regimens 
[168]. In another retrospective multicentric study, 
539 patients were included with stratification as 
per the PSDSS and survival results analyzed. For 
favorable histologies and low-burden patients 
(PSDSS I/II), the outcomes seemed to be better 
with mitomycin C with a median OS of 
54.3 months with mitomycin C and 28.2 months 
for oxaliplatin [169]. However, the retrospective 
nature of this study and the non-standardized 
dose of oxaliplatin preclude definite conclusions 
from this study. Another Australian study of 201 
patients showed a survival benefit of performing 
HIPEC with oxaliplatin as compared to MMC 
[170]. Currently, three randomized controlled 
trials—PRODIGE 7, PHOPHYLOCHIP, and 

COLOPEC—are using oxaliplatin-based HIPEC 
in the experimental arm. There is a high inci-
dence of hemorrhagic complications when oxali-
platin is used, and its cautious use in patients with 
a high PCI is recommended [171]. In a prelimi-
nary analysis of the PRODIGE 7 trial that has 
completed accrual, the 30-day grades 3–5 mor-
bidity was similar in the both the arms, whereas 
the 60-day grades 3–5 morbidity was higher in 
the HIPEC arm (unpublished data). HIPEC was 
performed using oxaliplatin.

12.6	 �Morbidity and Mortality

With an improvement in the patient selection, sur-
gical techniques, perioperative management, and 
growing experience of certain “high-volume” or 
“expert centers,” there has been a considerable 
reduction in the morbidity and mortality from this 
procedure, and it is similar to that of other major 
gastrointestinal surgeries. Reported morbidity and 
mortality rates range from 23 to 45% and 0 to 
12%, respectively [147, 176, 177–179]. The surgi-

Table 12.4  Various drug regimens for HIPEC for colorectal PM

Regimen IP drugs IV drugs Carrier solution Duration

Mitomycin C based

Sugarbaker regimen [172] Mitomycin C 15 mg/m2

Adriamycin 15 mg/m2

5-Fluorouracil 
400 mg/m2

Leucovorin 
25 mg/m2

2 liters of 1.5% dextrose 
peritoneal dialysis 
solution

90

Dutch high-dose mitomycin  
C regimen [173]

Mitomycin C 35 mg/m2

17.5 mg/m2 followed by 
8.8 mg/m2 at 30 and 
60 min

3 liters of 1.5% dextrose 
peritoneal dialysis 
solution

90

ASPSM low-dose regimen: 
“concentration-based  
regimen [174]

Mitomycin C 40 mg/m2

30 mg/m2 followed by 
10 mg/m2 at 60 min

3 liters of 1.5% dextrose 
peritoneal dialysis 
solution

90

Oxaliplatin-based regimens

Elias high-dose oxaliplatin 
regimen [175]

Oxaliplatin 460 mg/m2 5-Fluorouracil 
400 mg/m2

Leucovorin 
25 mg/m2

2 liters/m2 5%  
dextrose solution

30

Glehen medium-dose 
oxaliplatin regimen

Oxaliplatin
360 mg/m2

5-Fluorouracil 
400 mg/m2

Leucovorin 
25 mg/m2

2 liters/m2  
5% dextrose solution

30

Wake Forest University 
oxaliplatin regimen [167]

Oxaliplatin 200 mg/m2 3 liters of 5% dextrose 
solution

120
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cal complications include anastomotic leakage, 
bleeding, and wound infection, and chemotherapy-
related complications include neutropenia, cardiac 
arrhythmia, or renal insufficiency. Other compli-
cations common to surgical procedures in general 
include thrombosis, lung embolism, or pneumonia 
[180]. A learning curve exists for CRS plus 
HIPEC, and it’s both the surgeon’s and the institu-
tional experience that has an impact on the mor-
bidity and mortality [181, 182].

Several factors have been associated with an 
increased risk of complications. They include the 
duration of surgery, the age, the number of vis-
ceral resections, the need for a stoma, an increas-
ing dose of chemotherapeutic agent, and recurrent 
cancer [178, 182–186]. The most widely accepted 
factor prognostic of morbidity and mortality is 
the extent of the peritoneal disease measured by 
PCI, with an increased risk of grade 4 morbidity 
(life-threatening complications) when the PCI is 
greater than 12 [184, 187, 188]. One study found 
an extensive disease involvement in the left 
hemidiaphragm to be the only significant predic-
tor of severe morbidity on multivariate analysis, 
probably because this procedure results in respi-
ratory complications, and in a higher risk of pan-
creatic leak, bleeding, and intra-abdominal 
abscess, due to the dissection of the hilum of the 
spleen [188]. There is a high incidence of hemor-
rhagic complications when oxaliplatin is used 
and its cautious use in patients with a high PCI is 
recommended [171]. In an interim analysis of the 
PRODIGE 7, male sex, transverse colon primary 
tumors, ureteral anastomosis, two or more bowel 
anastomosis, and two or more sites of bowel 
suturing were associated with a greater 30-day 
grades 3–5 morbidity. This analysis which is at 
present under review for publication highlighted 
two important points. Firstly, the rate of gastroin-
testinal fistulas was higher in the HIPEC group as 
compared to the non-HIPEC group. Though this 
difference did not reach statistical significance, 
fistulas occurred even in the presence of a divert-
ing ostomy. The presence of a stoma did not pre-
vent fistulas but reduced the incidence of 
peritonitis. Hence, the authors recommend that a 
protective ostomy should be performed in case of 
more than two areas of intestinal stiches, of more 

than two bowel anastomoses, or in case of rectal 
resection (unpublished data). Secondly, adding 
HIPEC with oxaliplatin to CRS did not signifi-
cantly increase the overall rate of postoperative 
complications, and at 30 days it resulted in a mor-
tality rate similar to that of CRS alone. The dose 
of oxaliplatin used in this study was 460 mg/m2 
for the open procedure and adapted to 360 mg/m2 
for the closed procedure. However, it increased 
significantly the rate of grades 3–4 complications 
at 60 days. However, the authors suggest that this 
should be interpreted with caution since the 
actual number of patients experiencing such 
complications was small and other studies have 
not reported similar findings. In this study, the 
grades 3–4 hematological toxicity was higher in 
the HIPEC arm. It was not of and consequence as 
most of these patients were managed without any 
clinical consequences. Passot et  al. have sug-
gested that a better indicator of the quality of sur-
gery is “failure to rescue” rather than the 
morbidity [189]. In experienced centers, patients 
with complications are managed better, leading 
to a reduction in the mortality from the 
procedure.

12.7	 �Reiterative Procedures

Though CRS and HIPEC are performed with the 
intent of cure, around 70–80% of the patients will 
develop recurrent disease, and about half of these 
recurrences are confined to the peritoneal cavity 
[190–193].

Over the years, evidence has accumulated 
showing the feasibility and survival benefit of a 
repeat CRS and HIPEC in selected patients [194, 
195]. Bijelic et al. reported recurrent disease in 
49 out of 70 patients with complete cytoreduc-
tion and perioperative intraperitoneal chemother-
apy [193]. The median survival of patients who 
underwent a second surgery was significantly 
longer than that of patients who did not have a 
second operation (39 vs. 20 months; P = 0.0003). 
Diffuse peritoneal recurrence, isolated distant 
metastases, and diagnosis of recurrence within 
6  months after CRS were associated with a 
worse prognosis. Median survival in complete 
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secondary CRS was 42 months as compared to 
30 months for the whole cohort [193]. In another 
small study by de Simone et al., the survival after 
the second procedure was similar to that after 
the procedure. However, patients with PM from 
other primary sites were included in this study 
[196]. The morbidity and mortality of such pro-
cedures are similar to that of the first procedure in 
high-volume centers [197]. In the largest multi-
institutional study from 11 institutions across the 
world comprising of 189 patients, the reported 
median survival was 26.4  months, disease-free 
survival 10.1 months, and 5-year overall survival 
20% following a repeat CRS and HIPEC [198]. 
The median PCI was 6.9 and 81% of the patients 
had a complete cytoreduction. A PCI of <10 dur-
ing the second procedure, a complete cytoreduc-
tion, and absence of grades 3–5 morbidity were 
associated with a favorable prognosis. Patients 
who had positive nodes during the first proce-
dure had poorer outcomes. Though this study 
had limitations like the lack of a control group, 
and its retrospective nature, it showed that long-
term survival is possible with a repeat procedure 
in selected patients.

12.8	 �New Treatment Strategies 
for Patients with Extensive 
CPM

There are still a large proportion of patients with 
CPM that are not candidates for CRS and 
HIPEC. Systemic chemotherapy leads to a favor-
able response only in a small percentage of patients.

Pressurized intraperitoneal aerosol chemo-
therapy (PIPAC) is an innovative intraperitoneal 
chemotherapy concept that seems to enhance 
the effectivity of IPC by taking advantage of the 
physical properties of gas and pressure [199]. 
PIPAC pharmacokinetics permit the use of a min-
imal drug dose which reaches a higher intraperi-
toneal concentration than in HIPEC.  Increased 
intra-abdominal pressure is known to increase tis-
sue uptake and intra-tumoral drug concentration 
[200, 201]. In addition, there is micronization of 

the cytostatic agent which creates a thin film of 
microdroplets over the entire peritoneal cavity, 
increasing the contact surface area between drugs 
and tissues. It is given in multiple sittings usually 
at three-weekly intervals through a laparoscopic 
approach. Systemic chemotherapy is used with it. 
The reported toxicity profile is acceptable in pre-
liminary studies [202]. In patients pretreated with 
surgery and multiple lines of chemotherapy, it 
has produced symptom control, clinical response, 
and a prolongation of survival [203]. Prospective 
studies are needed to further define and expand 
its role [203]. A new bidirectional chemother-
apy (neoadjuvant intraperitoneal-systemic che-
motherapy protocol (NIPS)) was developed by 
Yonemura and his collaborators from Japan to 
induce a reduction of the peritoneal cancer index 
of patients with gastric PM [204]. NIPS can 
attack PM from both sides of peritoneum, not 
only from the peritoneal cavity but also from the 
subperitoneal blood vessels, and is considered 
a bidirectional chemotherapy [204]. Following 
a response to NIPS, selected patients become 
candidates for CRS and HIPEC. This treatment 
which has produced response rates of over 70% 
in patients with gastric PM is being investigated 
by Francois Quenet from Montpellier for CPM 
in the NIPOX trial (Fig.  12.2) [205]. In a pilot 
study, six patients with unresectable peritoneal 
disease of colorectal origin were included in the 
study. An intraperitoneal implantable chamber 
catheter was inserted during the laparotomy 
that evaluated the extent of the peritoneal dis-
ease (peritoneal cancer index 25 to 39). Patients 
then underwent intraperitoneal chemotherapy 
with oxaliplatin 85 mg/m2 in combination with 
systemic chemotherapy (FOLFIRI or simplified 
LV/5-FU) and a targeted therapy every 2 weeks. 
Two patients completed the four intraperitoneal 
(IP) chemotherapy cycles without major toxicity. 
Two catheter perfusion incidents were reported 
due to the abdominal wall thickness. For one 
patient with aggressive disease, best supportive 
care was initiated after the first course of chemo-
therapy. The tolerance was acceptable for 85 mg/
m2 IP oxaliplatin combined with systemic therapy 
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in these patients. This study formed the basis for 
the NIPOX trial [206].

Patients with a PCI of >17 are given a combina-
tion of systemic chemotherapy and intraperitoneal 
chemotherapy through two intraperitoneal catheters 
with implantable chambers. Responders are subse-
quently evaluated for CRS and HIPEC. Simultane-
ously, a dose escalation study for intraperitoneal 
oxaliplatin is being performed. Along similar lines is 
the IPOXA trial (NCT02866903), which is a phase 
I/II trial studying the administration of IP oxaliplatin 
(normothermic port-directed) with systemic FOL-
FIRI and bevacizumab in CPM of uncertain respect-
ability. Currently, this trial is looking at morbidity, 
dose-limiting toxicity, and overall response rates of 
this treatment strategy.

12.9	 �Preventive Strategies 
for CPM

Majority of the patients with PM eventually suc-
cumb to the disease. The most appropriate treat-
ment strategy would be to prevent the occurrence 
of PM.

12.9.1	 �The Cautious and Proactive 
Surgeon

While surgical teams across the world have been 
focusing on developing the skill to perform CRS 
and setting up HIPEC centers, how the primary 
tumor is dealt with has become equally important 
once again, as improper surgical handling can 
lead to peritoneal dissemination even in patients 
without high-risk features (described below) for 
peritoneal spread [207]. Cancer spread following 
resection of the primary can occur in the follow-
ing ways—through portal dissemination, lymph 
nodal recurrence, recurrence at the operative 
site, and peritoneal spread [207]. Whereas portal 
dissemination cannot be prevented, other recur-
rences could be minimized by proper surgical 
technique. Patients with colorectal have decreased 
local recurrence and a longer disease-free survival 
when the resection of the primary tumor is per-
formed by experienced surgeons at high-volume 
centers [208]. Hermanek et al. reported a variation 
in local recurrence from 5 to 55% between differ-
ent surgeons which resulted in a 5-year survival 
rate varying from 34 to 85% [209].

The NIPOX trial

Preoperative informed consent
CT scan-MRI

Exploratory laparoscopy/laparotomy
(PCI assessment + peritoneal biopsies)

PCI>17

Insertion of 2 intraperitoneal implantable chamber catheters +/- iv catheter

IV chemotherapy
LV5FU2 or FOLFIRI+Targetted therapy

Standard dose

IP Oxaliplatin
Dose escalation

Inclusion

Pharmacokineties

Dose
escalation

–1

1

2

3

4

70

85

100

130

160

Oxaliplatin
(mg/m2)

Initial
evaluation

1 administration = 1 cycle; 1 cycle every 2 weeks
Re evaluation after 4 cycles if little or no toxicity

Evaluation-4 cycles
CT RECIST criteria

Exploratory laparotomy (PCI)
+/- maximal CRS+HIPEC

Fig. 12.2  The NIPOX trial
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Turnbull in his publication on No-Touch 
Isolation Techniques described a mechanism of 
cancer dissemination that is no longer acceptable 
[210]. However, the results of using this tech-
nique were far superior to any others published in 
the same time period [210].

Sugarbaker suggested that proper surgical 
technique can prevent peritoneal dissemination 
to a certain extent. In order to limit peritoneal 
spread, “containment” should be one of the main 
goals of the gastrointestinal cancer surgeon. He 
described a technique called “centripetal sur-
gery” in which one must move around the tumor 
mass with perfect hemostasis, adequate margins 
of dissection, and sufficient visualization so that 
the vital structures are not damaged. If all of 
these requirements are not met, the surgeon must 
approach the malignant disease from another 
anatomic site [211, 212].

The other important aspect of prevention is 
surgical handling of patients with positive perito-
neal fluid cytology or with peritoneal nodules at 
presentation. Non-definitive procedures except 
those needed in the emergency setting, i.e., for 
perforated or obstructed tumors, should be 
avoided. Sugarbaker pointed out that the perito-
neum itself acts as a first line of defense against 
carcinomatosis, and in its absence, cells become 
implanted wherever a raw surface is created 
[213]. Non-definitive surgery in these situations 
has some adverse consequences. These patients 
become poor candidates for subsequent curative 
approach using CRS and HIPEC, the lymph 
nodal clearance becomes more difficult, and 
there is tumor cell entrapment in avascular scar 
tissue which cannot be treated with chemother-
apy. Retroperitoneal implantation of tumor cells 
can involve tubular structures like the ureters 
leading to obstruction. When such a situation is 
encountered during laparotomy or laparoscopy, 
further surgical intervention should stop and the 
patients should be referred to a center experience 
in treating peritoneal metastases [213].

Laparoscopic surgery minimizes surgical 
trauma and, compared with open surgery, has 
been associated with less peritoneal as well 

as metastatic tumor growth in several animal 
models [214]. The technique has raised con-
cerns regarding the potential effect of a CO2 
pneumoperitoneum on peritoneal cancer spread 
[215]. However, large clinical trials comparing 
open surgery with laparoscopic colectomy for 
colorectal cancer did not identify an increased 
risk of peritoneal recurrence associated with the 
laparoscopic approach [216]. The minimally 
invasive approach requires considerable amount 
of skill and should not be performed at the risk 
of compromising other oncological require-
ments like adequate margins, lymph node yield, 
and avoiding intraoperative tumor rupture and 
spill.

One of the most important prognostic factors 
determining the treatment outcomes in patients 
with PM is the disease extent determined by 
the peritoneal cancer index (PCI). In general, 
patients with less extensive disease have better 
outcomes, and one of the first treatment goals is 
to detect PM early in the course of disease evo-
lution. In a study evaluating the Swedish regis-
try data, which analyzed 11,124 patients with 
CRC treated between 1995 and 2007, PM was 
diagnosed in 8.3%, the prevalence of synchro-
nous PM being 4.3%, and that of metachronous 
PM was 4.2%, with median time to recurrence 
around 14–16  months [217]. The known risk 
factors for peritoneal spread in patients with 
colorectal cancer are female sex; patients with 
primary mucinous adenocarcinomas; tumor 
stage T4; lymph node stage N2; a colonic pri-
mary, emergency surgery; and patients with pos-
itive resection margins [217, 218]. At the time 
of treatment of the primary malignancy, imaging 
modalities may fail to pick up low-volume dis-
ease, and during an open or laparoscopic resec-
tion, PM should be searched for and the extent 
documented in detail, especially in patients with 
known risk factors for peritoneal dissemination. 
For patients on surveillance also, the index of 
suspicion should be high. An elevation in tumor 
markers without evidence of disease on imaging 
should prompt the use of diagnostic laparoscopy 
for detection of early peritoneal cancer spread.
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12.9.2	 �Role of HIPEC Is Prevention 
and Early Treatment 
of Peritoneal Metastases

One of the main concerns regarding the manage-
ment of colorectal PM is that the disease is 
detected when the PM are extensive and patients 
are not eligible for a curative approach [218]. As 
the extent of the disease (PCI) and the complete-
ness of resection are the main prognostic factors 
determining survival outcomes, it is obvious that 
survival results are dramatically better in patient 
detected with a low PCI [219].

Elias et al. performed a seminal study that has 
formed a basis of two randomized trials. They 
devised a strategy of systematic second-look sur-
gery in patients at high risk of developing PM. In 
a systematic review of the literature comprising 
16 studies evaluating 4395 patients, the same 
authors concluded that the only three factors that 
were consistently associated with a high risk of 
developing PM were synchronous PM com-
pletely resected, isolated ovarian metastases, and 
perforated primary tumor [14]. Based on this, 
they devised a new strategy which evaluated the 
role of systematic second-look surgery in 41 
patients without clinical, radiological, or biologi-
cal evidence of recurrence [220]. Patients consid-
ered to have high risk of developing PM were 
based on the three criteria mentioned above, 
present at the time of surgery for the primary 
tumor: resected minimal synchronous macro-
scopic PM (n = 25), synchronous ovarian metas-
tases (n = 8), and perforation of the colon (n = 8). 
PM was discovered and resected in 23 (55%) 
patients during the second-look surgery, in spite 
of normal investigations. The mean PCI was low 
(8 ± 6) and peritoneal deposits were resectable in 
all of the patients. Grades 3–4 morbidity rate was 
low (9.7%). After a median follow-up of 30 
months, OS and DFS of all patients at 5  years 
were 90% and 44%, respectively. Peritoneal 
recurrences occurred in seven patients (17%), six 
of whom had macroscopic PM discovered during 
the second-look surgery (26%). Based on these 
encouraging results, the phase III randomized 

study ProphyloCHIP (NCT01226394) was initi-
ated. In this trial, patients who are at high risk of 
peritoneal recurrence and are clinically disease-
free after completing 6 months of adjuvant ther-
apy are randomized to a standard follow-up 
comprising of a 3 monthly follow-up for 2 years 
and then a 6 monthly follow-up for 3 years or a 
systematic second-look surgery followed by 
HIPEC with oxaliplatin. Another similar study 
sponsored by the NCI was underway in the 
United States (NCT01095523) [221], in which 
patients with CRC at high risk of developing PM 
who underwent curative surgery and subse-
quently received standard of care adjuvant che-
motherapy were randomized to routine 
surveillance or second-look surgery and HIPEC 1 
year after the primary surgery. This study, how-
ever, was abandoned before recruitment was 
complete.

In a case-control study carried out by 
Sammartino et al. in patients with advanced (T3/
T4, any N, M0) colonic cancer of mucinous or sig-
net ring cell histology, or perforated primary tumor 
of any histology without PM or other metastases, 
patients were either treated with standard colec-
tomy (n = 50) or with additional surgical proce-
dures apart from a colectomy that included 
omentectomy, bilateral salpingo-oophorectomy, 
resection of the hepatic round ligament, appendec-
tomy, and HIPEC with oxaliplatin (n = 25) at the 
time of diagnosis [222]. The study group com-
prised of 25 patients with mucinous or signet ring 
cell histology T3/T4, any N, and M0 colonic can-
cer who underwent hemicolectomy, omentectomy, 
bilateral salpingo-oophorectomy, hepatic round 
ligament resection, and appendectomy followed 
by HIPEC with oxaliplatin during the resection of 
the primary, while the control group of 50 patients 
was treated by standard surgical resection during 
the same time period. There was no increase in the 
morbidity due to the additional surgical procedures 
performed in the experimental group; however, the 
recurrence rate was significantly lower than that in 
the control group (4% versus 22%; P < 0.05). The 
OS was similar in both groups, but the DFS was 
significantly longer in the experimental group 
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(36.8 versus 21.9  months; P  <  0.01). Thus, this 
aggressive preventive surgical approach increased 
the disease-free survival significantly without 
increasing the morbidity. Based on these results, 
the PROMENADE trial (NCT02974556) has been 
initiated, which aims to determine the oncological 
effectiveness, compared to standard surgical treat-
ment, of proactive management including target 
organ resection (omentectomy, bilateral adnexec-
tomy, appendectomy, hepatic round ligament 
resection) and preventive HIPEC (intraperitoneal 
oxaliplatin with concomitant i.v. 5-fluorouracil/
leucovorin) during a curative resection of high-
risk (>/=5 mm tumor invasion beyond the muscu-
laris propria) T3 and T4 colon cancer in preventing 
the development of peritoneal metastases. The pri-
mary outcome measure is incidence of PM at 
36 months. Along the same lines, a Dutch study 
named the COLOPEC trial (NCT02231086) is a 
phase III randomized trial that aims to determine 
the oncological effectiveness of adjuvant HIPEC, 
using intraperitoneal oxaliplatin with concomitant 
i.v. 5-FU/LV, following a curative resection of a 
T4 or intra-abdominally perforated colon cancer 
in preventing the development of PM in addition 
to the standard adjuvant systemic treatment. 
However, in this trial the adjuvant HIPEC is given 
without any target organ resection, and the pri-
mary outcome measure is peritoneal recurrence-
free survival at 18 months. Along the same lines, a 
multicentric phase III study is ongoing in China 
(NCT02179489) that will evaluate the disease-
free survival of 300 patients at high risk of devel-
oping PM after HIPEC with mitomycin C after 
primary surgery (without target organ resection). 
Another study, the APEC trial (NCT02965248), is 
a phase II randomized study that plans to random-
ize 147 patients with colon cancer having 
T4NanyM0 or T3NanyM0 mucinous or signet 
ring adenocarcinoma undergoing an R0 resection 
into three arms, viz., (1) standard adjuvant chemo-
therapy only (control group), (2) HIPEC with 
raltitrexed (3 mg/m2) intraperitoneally for 60 min 
during surgery or within 10 days after the opera-
tion, or (3) HIPEC comprising oxaliplatin 
(130  mg/m2) during surgery for 30  min. The 
primary outcome measure is the incidence of 
PM at 3 years.

The above studies highlight the fact that the 
best way to deal with PM is to treat it early or 
prevent it and can potentially form the basis of 
future treatment for PM from CRC.

�Conclusion

PM from colorectal cancer represents a sub-
group of patients who are often diagnosed with 
advanced disease and have poor outcomes in 
spite of advances in modern chemotherapy and 
targeted therapy. The combined modality treat-
ment of CRS and HIPEC offers a promising 
strategy especially if offered when the extent 
of peritoneal involvement is limited. Adequate 
patient selection is paramount in ensuring 
good results. Future strategies for prevention 
or early treatment of PM seem promising but 
require validation in the ongoing randomized 
trials. At the same time, new therapies for 
patients with extensive disease that is not ame-
nable to aggressive therapy need to be further 
developed.
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