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Abstract
Colorectal peritoneal carcinomatosis was considered a 
terminal condition with a merely palliative treatment 
that included only supportive care, palliative surgery 
and the best systemic chemotherapy. Since the birth 
of a new approach, cytoreductive surgery with peri-
tonectomy procedures together with hyperthermic 
intraperitoneal chemotherapy and/or early postopera-
tive intraperitoneal chemotherapy to treat peritoneal 
carcinomatosis, many research groups contributed with 
promising results using this procedure being up to date 
this strategy the only one that has shown curative ben-
efits on colorectal peritoneal carcinomatosis achieving 
reported overall survival rates up to 64 mo and five-
year survival rates up to 51%. The aim of this paper 
is to expose an updated overview of the therapeutic 
possibilities of these procedures in colorectal peritoneal 
metastases in the same way that our Unit of Oncologic 
Surgery has performed since 1997 with more than four 
hundred procedures.
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Core tip: The carcinomatosis peritoneal from colon ori-
gin has turned from a terminal condition to a curative 
scenery. The cytoreduction and peritonectomy proce-
dures with hyperthermic intraperitoneal chemotherapy 
have achieved 50% in 5 years overall survival, with a 
low morbidity that is not higher than other major surgi-
cal procedures.
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INTRODUCTION
Colorectal cancer (CRC) is considered the third most 
common cancer. One of  the major aspects related to 
treatment failure is the appearance of  peritoneal metasta-
ses (PM), which are thought to be present in about 40% 
of  patients with CRC at some time during the natural 
history of  this disease[1]. The occurrence of  PM may be 
a result of  the growth of  the primary tumor allowing the 
exfoliation of  malignant cells intraperitoneally when the 
serosa is exceeded or be the consequence of  a surgical 
manipulation when lymphatics or blood vessels are tran-
sected. 

In the past, colorectal peritoneal carcinomatosis was 
considered a terminal condition with a merely palliative 
treatment that included only supportive care, palliative 
surgery and the best systemic chemotherapy, achieving 
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survival rates not exceeding seven months according to 
the multicenter study EVOCAPE[2] with 5-FU and Leu-
covorin, reaching up to 23.4 mo survival with modern 
chemotherapy like Oxaliplatine and Irinotecan[3]. Fortu-
nately, in the 80’s decade, a renewed interest in malignant 
diseases with peritoneal extension and the introduction 
of  the concept of  initial loco-regional disease resulted in 
the birth of  a new approach. Thus, Elias et al[4] described 
and popularized several procedures, including cytore-
ductive surgery (CRS) (with peritonectomy procedures) 
together with hyperthermic intraperitoneal chemotherapy 
(HIPEC) and early postoperative intraperitoneal che-
motherapy (EPIC), to treat peritoneal carcinomatosis[5]. 
Many research groups contributed with promising results 
using complete cytoreduction of  macroscopic disease 
combined with HIPEC in order to treat microscopic dis-
ease. Although preliminary data were viewed with great 
scepticism, to date, this strategy is the only one that has 
shown curative benefits on colorectal peritoneal carcino-
matosis achieving reported overall survival rates up to 46 
mo[6] and five-year survival rates up to 51%[3].

The aim of  this paper is to expose an updated over-
view of  the therapeutic possibilities of  these procedures 
in colorectal PM.

PATIENT SELECTION
The importance of  a good general health status must be 
emphasized. The candidates for these procedures should 
be younger than 70 years with physiological age of  less 
than 65 years, but it is a relative condition. Severe cardio-
respiratory disease, renal failure, untreated malignant 
neoplasm or World Health Organization (WHO) index 
> 2 are considered major contraindications to CRS + 
HIPEC[7]. Furthermore, all patients included to CRS with 
curative intention shouldn’t present tumour progression 
while on chemotherapy. The key to a successful outcome 
is an appropriate selection of  patients in order to achieve 
complete cytoreduction, since this is an essential prog-
nostic factor[8]. To this respect, it has been demonstrated 
that patients with incomplete cytoreduction and residual 
tumor ≥ 2.5 mm don’t achieve more than 6 mo surviv-
al[9,10]. 

In that sense, preoperative evaluation should include 
complete colonoscopy and CT scan of  the chest and 
abdomen, focused the attention on radiologic manifesta-
tions of  PM such as: ascites, peritoneal nodules or mass-
es, peritoneal thickening and enhancement or mesenteric 
effacement. In those cases in which any extra-peritoneal 
or extra-abdominal disease is suspected, positron emis-
sion tomography (PET) may be useful to evaluate the 
extension of  the disease. 

From a preoperative point of  view, some authors 
have related certain preoperative clinical and radiologi-
cal variables with the possibility of  achieving complete 
cytoreduction. Among them, it is worth to remark, the 
absence of  extra-abdominal disease, not more than 3 
small-size and resectable liver metastases, no high volume 

of  disease in the gastrohepatic ligament, no evidence of  
multiple enteric, ureteric or biliary obstruction, as well as 
no evidence of  gross involvement of  mesentery or sev-
eral segments of  intestine which cause intestinal obstruc-
tion[11].

The extension of  the peritoneal disease represents 
one of  the major prognosis factors for survival and, thus, 
could represent another criteria for patient selection. To 
quantify it, several index have been proposed, but pres-
ently, the most widely used is the Peritoneal Cancer Index 
(PCI) described by Sugarbaker. In relation to this index, 
some authors have considered that a PCI higher than 10 
lead to a worse prognosis and a score greater than 20 as 
a possible contraindication to CRS and HIPEC, as the 
5-year survival rate in patients with PCI > 19 is 7%[10]. 
To evaluate more accurately PCI, diagnostic laparoscopy 
may be useful as reported by Valle et al[12] who performed 
staging laparoscopy in 97 patients, achieving good corre-
lation between the PCI subsequently assessed at the time 
of  laparotomy. However, this is a challenging evaluation 
procedure, especially in those patients previously oper-
ated on, due to the risk of  iatrogenic injury during the 
exploration.

In addition to the PCI, recently, a new preoperative 
severity index of  peritoneal carcinomatosis called “Peri-
toneal Surface Disease Severity Score” (PSDSS) has been 
described. This score, which includes the PCI and other 
variables such as clinical symptomatology and histopa-
thology of  the primary tumor, consists on four grades, 
showing that the stages III and IV have a negative impact 
on survival (Table 1)[13].

The presence of  multiple liver metastases represents 
a relative contraindication as several studies have shown 
that there is no negative impact on survival rates when 
liver metastases are inferior to 3, chemo-sensitive, and can 
be fully resected at the time of  surgery[14]. In this study, 
3 year-overall and disease-free survivals were 41.5% and 
26% respectively. In the same line, other authors have 
observed similar findings in similar scenarios, especially 
when PCI is low[15]. On the contrary, the presence of  
extra-abdominal metastases and massive retroperitoneal 
lymphatic involvement, mainly in cases of  non-respon-
sive to systemic chemotherapy, should be considered 
absolute contraindications. Nevertheless, some authors 
have proposed that extrahepatic disease might not be a 
contraindication to attempt an R-0 resection if  the num-
ber of  sites of  metastases is less than five[16].

CYTOREDUCTIVE SURGERY WITH 
PERITONECTOMY AND PERIOPERATIVE 
INTRAPERITONEAL CHEMOTHERAPY 
PROCEDURES
Maximum CRS aims to remove all macroscopic disease 
using extensive visceral resections and peritonectomy 
procedures as described by Sugarbaker[5]. When tumour 
fully invades the visceral surface of  different organs, 
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resection may be necessary. One of  the major technical 
limitations found by an oncological surgeon is the whole 
involvement of  the small bowel as prevents to perform a 
complete tumour cytoreduction.

The realization of  CRS along with HIPEC improves 
the outcomes in a single surgical act. However, to achieve 
this goal, an optimal debulking without macroscopic 
tumor residue (CC-0 resection) or with a tumor residue 
less than 2.5 mm (CC-1 resection) must be accomplished, 
since complete cytoreduction has been shown the most 
important prognostic factor for survival[17,18]. Other major 
prognostic factors associated with worse outcomes are: 
grades 2 and 3 vs grade 1 histopathologic grade, PCI > 
20, lymph node-positive primary tumors and volume of  
preoperative PM[17-19].

Intuitively, minimally invasive approach for therapeu-
tic purpose might appear not to be useful in this setting, 
nevertheless, in carefully selected patients, totally lapa-
roscopic CRS and HIPEC has been performed success-
fully. In that way, Esquivel et al[20] have reported success 
rates up to 95% with acceptable morbidity in patients 
with a PCI < 10[21,22]. Although others authors have also 
remarked this possibility, these data are preliminary and 
must be taken cautiously.

Intraperitoneal administration of  cytostatic drugs 
presents pharmacokinetic advantages because of  the 
plasma-peritoneum barrier that allows the administra-
tion of  loco-regional high doses of  chemotherapy with 
minimal systemic effects. This characteristic may also lead 
to a positive effect on recurrence and survival rates[4]. 
Perioperative administration lead to an extensive intrab-
dominal diffusion without any of  limitations related to 
postoperative adhesions. Furthermore, hyperthermia has 
shown greater cytotoxic capacity. Therefore, in in vitro 
tests at 42.5 °C, certain cytostatic drugs such as Oxalipla-
tin, Mitomycin C, Doxorubicin, Irinotecan or Cisplatin, 
have demonstrated to increase their cytotoxicity and pen-
etration, and thus, their antitumor effects[23]. However, 
at present, the use of  HIPEC is only indicated in cases 
achieving complete cytoreduction since the penetration 
of  intraperitoneal chemotherapy is limited to several mil-
limetres. On the other side, the administration of  EPIC 

is related to a higher morbidity as Elias et al[24] showed 
in randomized trial as the use of  this variety of  chemo-
therapy has been introduced in different treatment proto-
cols[25].

New chemotherapy drugs such as bevacizumab, an 
humanized monoclonal antibody that produces angiogen-
esis inhibition by inhibiting vascular endothelial growth 
factor A (VEGF-A), are being tested at the moment in 
animal models and might be useful as perioperative che-
motherapeutic agent in the next future[26,27].

SURVIVAL OUTCOMES AND 
MORBIMORTALITY OF CYTOREDUCTIVE 
SURGERY AND HIPEC
The results contributed by many authors, although 
mainly in a retrospective way, demonstrate that degree of  
cytoreduction is the most determining factor for survival. 
All comparative trials report a median survival superior 
to 2 years for patients treated with complete CRS (CC-0) 
or with residual tumor less than 2.5 mm (CC-1), reach-
ing some of  them survival rates above 50% at 5 years[3,28]. 
Dutch randomized phase III trial conducted by Verwaal 
et al[9,29] first published in 2003 and latest updated in 
2008, compared CRS and HIPEC (Mitomycin C) with 
intravenous chemotherapy and palliative surgery as sole 
treatment in patients suffering from colorectal peritoneal 
carcinomatosis. This trial showed significant differences 
in terms of  overall survival (22.2 mo vs 12.6 mo), and a 
5-year survival up to 45% in favour of  the patients treat-
ed with CRS and HIPEC. These data forced to stop the 
trial for ethical issues. In addition, another similar study 
conducted by Elias et al[3] that compared latest systemic 
chemotherapy to CRS and HIPEC showed a significantly 
better outcomes in favour of  the combined procedure, 
reaching a median survival of  63 mo and 51% at 5 years 
overall survival, being these, the best outcomes reported 
to date using CRS and HIPEC in colorectal PM.

To date, only one systematic review and meta-analysis 
has been published regarding CRS + HIPEC in colorec-
tal PM. In that study, de Cuba et al[30] concluded that 
when liver metastases are presented in addition to iso-
lated PM, there is a trend towards a lower overall survival 
after curative resection. Furthermore, these authors also 
support that CRS + HIPEC is superior to modern sys-
temic chemotherapy in increasing overall survival.

Since 2003, numerous studies reporting the outcomes 
of  CRS and HIPEC have been published. Table 2 sum-
marizes the characteristics of  most of  them. 

On the other hand, since CRS and HIPEC were de-
scribed, these procedures have been criticized due to a 
high morbidity. This fact could be true at the beginning; 
however, currently the morbidity, when this surgery is 
performed in experienced units, is not superior to that 
which presents any major gastrointestinal surgery. In that 
sense, the combination of  CRS and HIPEC is a complex 
procedure that exposes the patient to an acceptable mor-
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Table 1  Peritoneal Surface Disease Severity Score

Symptomatology    PCI                Histology

No symptoms (0) < 10 (1) Well differentiated or moderately 
differentiated + N0 (1)

Moderate symptoms (1) 10-20 (3) Moderately differentiated + N1 or 
N2 (3)

Severe symptoms (6) > 20 (7) Poorly differentiated or ring seal 
(9)

(): Score. Moderate symptoms is defined as weight loss of < 10%, moder-
ate abdominal pain, ascites asymptomatic. Severe symptomatology is 
defined as weight loss of > 10%, pain that continues, intestinal obstruction, 
symptomatic ascites. PCI: Peritoneal Cancer Index (0-39). Histology of the 
primary tumor. N regional lymph node metastasis. Grade Ⅰ: Summation 
result = (2-3); Grade Ⅱ: (4-7); Grade Ⅲ: 8-10; Grade Ⅳ: > 10.
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grow all over the abdominal cavity, which impairs future 
treatment options and increase the risk of  morbidity[11]. 
From this point of  view, there are a group of  patients 
that although undergoing complete resection without 
HIPEC, are at high-risk of  developing colorectal perito-
neal carcinomatosis. Thus, resected minimal synchronous 
macroscopic PM, synchronous ovarian metastases and 
perforated primary tumors could benefit of  second-look 
surgery with CRS and HIPEC as it seems to be that up 
to 55% of  asymptomatic patients may present PM at one 
year[36].

Finally, an emergency surgeon that incidentally is 
faced with a colorectal peritoneal carcinomatosis should 
avoid unnecessary surgical dissection and solve the ur-
gent situation (obstruction and/or perforation and/or 
abdominal sepsis) using the minimum necessary surgical 
gesture.

CONCLUSION
At present, CRS and HIPEC procedures represent a ther-
apy with curative intent in selected patients with colorec-
tal peritoneal carcinomatosis. The finding of  a peritoneal 
carcinomatosis requires surgeons and oncologists to not 
ignore this treatment option and to refer such patients to 
experienced units in the treatment of  peritoneal surface 
malignancies, in order to limit morbidity and increase 
their survival.

It is clear that there are many unknowns pending to 
be solved in the next few years such as different modes, 
time, dose, temperature and drugs for HIPEC to decrease 
local recurrence after CC-0 resections. Furthermore, at 
this moment, several trials are evaluating the role of  sec-
ond-look surgery with CRS + HIPEC as well as the pos-
sibility of  prophylactic HIPEC when primary colorectal 
cancer shows synchronous PM or is a high risk patient to 
develop carcinomatosis[36]. These novel strategies might 
be incorporated in the future therapeutic protocols of  
colorectal PM.

bidity and mortality (Table 2). To this respect, main high-
grade morbidity of  these patients is related to surgery and 
presented in form of  anastomotic leak, intraperitoneal 
sepsis or abscesses, and hematologic and renal toxicities 
related with HIPEC. Multivariate analyses including in 
different studies show the extension of  disease, number 
of  anastomosis, duration of  intervention and incomplete 
cytoreductive surgery as independent risk factors for 
morbidity[10].

RECOMMENDATIONS FOR THE 
MANAGEMENT OF PATIENTS 
DIAGNOSED FOR COLORECTAL 
PERITONEAL CARCINOMATOSIS
All surgeons or oncologists diagnosing a colorectal peri-
toneal carcinomatosis, before, during or after surgery; 
especially in young patients with limited disease, should 
consider the evaluation of  the case for a multidisciplinary 
team in a specialized unit in order to offer the realiza-
tion of  this therapeutic approach with curative intent. 
An exploratory laparotomy without a description of  the 
extent of  the disease should be a prohibited action. In 
this sense, when a peritoneal carcinomatosis is discov-
ered intraoperatively, it is recommended that the surgeon 
describe in detail the extension and allocation of  PM ac-
cording to the PCI. This conduct will allow the correct 
evaluation of  these patients in specialized units, avoiding 
inappropriate transfers, resource consumptions and dis-
comfort to the patient. Likewise, a very detailed descrip-
tion of  the PM extent will prevent an unnecessary lapa-
rotomy in those cases in which a complete cytoreduction 
is not possible[11].

In the same way, the realization of  CRS without 
HIPEC should be avoided since this conduct limits the 
possibility of  receiving a combined treatment with cura-
tive intent and better outcome. Resection of  peritoneum 
without HIPEC allows free tumor cells to implant and 
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Table 2  Survival outcomes of patients underwent cytoreductive surgery and hyperthermic intraperitoneal chemotherapy

Ref. Type of study Year n Overall survival (mo) Five-year survival Overall morbidity1 Perioperative mortality

Verwaal et al[9] RCT 2003   39 22 NR NR NR
Glehen et al[31] RMS 2004 377 32 40%    22.9% 4%
da Silva et al[17] RS 2006   70 33 32% NR NR
Kianmanesh et al[15] RS 2007   30 38 44% 39%    2.3%
Bijelic et al[32] RS 2008   49 33 20% NR NR
Shen et al[33] RS 2008 121 34 26% 42%    5.5%
Yan et al[34] RS 2008   50 29 NR NR NR
Elias et al[3] CRS 2009   48 63 51% NR NR
Chua et al[19] RS 2009   54 33 NR NR NR
Franko et al[28] CRS 2010   67    34.7 26% NR NR
Elias et al[10] RMS 2010 523 32 30% 31% 3%
Quenet et al[35] PS 2011 146 41    41.8%    47.2%    4.1%
Ung et al[6] RS 2013 211 46.8 42% NR NR

1Morbidity data comes from different classifications and grades, so major morbidity might be lower in most cases. RCT: Randomized clinical trial; RMS: 
Retrospective multicenter study; RS: Retrospective Study; CRS: Comparative Retrospective Study; PS: Prospective Study; NR: Not reported.

Arjona-Sánchez A et al . HIPEC in colorectal peritoneal metastasis



October 15, 2014|Volume 6|Issue 10|WJGO|www.wjgnet.com

REFERENCES
1 Koppe MJ, Boerman OC, Oyen WJ, Bleichrodt RP. Perito-

neal carcinomatosis of colorectal origin: incidence and cur-
rent treatment strategies. Ann Surg 2006; 243: 212-222 [PMID: 
16432354 DOI: 10.1097/01.sla.0000197702.46394.16]

2 Sadeghi B, Arvieux C, Glehen O, Beaujard AC, Rivoire M, 
Baulieux J, Fontaumard E, Brachet A, Caillot JL, Faure JL, 
Porcheron J, Peix JL, François Y, Vignal J, Gilly FN. Perito-
neal carcinomatosis from non-gynecologic malignancies: 
results of the EVOCAPE 1 multicentric prospective study. 
Cancer 2000; 88: 358-363 [PMID: 10640968 DOI: 10.1002/(SIC
I)1097-0142(20000115)88:2<358::AID-CNCR16>3.0.CO;2-O]

3 Elias D, Lefevre JH, Chevalier J, Brouquet A, Marchal F, 
Classe JM, Ferron G, Guilloit JM, Meeus P, Goéré D, Bonas-
tre J. Complete cytoreductive surgery plus intraperitoneal 
chemohyperthermia with oxaliplatin for peritoneal carci-
nomatosis of colorectal origin. J Clin Oncol 2009; 27: 681-685 
[PMID: 19103728 DOI: 10.1200/JCO.2008.19.7160]

4 Elias D, Benizri E, Di Pietrantonio D, Menegon P, Malka 
D, Raynard B. Comparison of two kinds of intraperito-
neal chemotherapy following complete cytoreductive 
surgery of colorectal peritoneal carcinomatosis. Ann Surg 
Oncol 2007; 14: 509-514 [PMID: 17096054 DOI: 10.1245/
s10434-006-9167-9]

5 Sugarbaker PH. Peritonectomy procedures. Ann Surg 1995; 
221: 29-42 [PMID: 7826158 DOI: 10.1097/00000658-19950100
0-00004]

6 Ung L, Chua TC, Morris DL. Peritoneal metastases of lower 
gastrointestinal tract origin: a comparative study of patient 
outcomes following cytoreduction and intraperitoneal che-
motherapy. J Cancer Res Clin Oncol 2013 Sep 11; Epub ahead 
of print [PMID: 24022087 DOI: 10.1007/s00432-013-1517-y]

7 Cotte E, Passot G, Gilly FN, Glehen O. Selection of patients 
and staging of peritoneal surface malignancies. World J Gas-
trointest Oncol 2010; 2: 31-35 [PMID: 21160814 DOI: 10.4251/
wjgo.v2.i1.31]

8 Riss S, Mohamed F, Dayal S, Cecil T, Stift A, Bachleitner-
Hofmann T, Moran B. Peritoneal metastases from colorectal 
cancer: patient selection for cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy. Eur J Surg 
Oncol 2013; 39: 931-937 [PMID: 23810280 DOI: 10.1016/
j.ejso.2013.06.001]

9 Verwaal VJ, van Ruth S, de Bree E, van Sloothen GW, van 
Tinteren H, Boot H, Zoetmulder FA. Randomized trial of 
cytoreduction and hyperthermic intraperitoneal chemother-
apy versus systemic chemotherapy and palliative surgery 
in patients with peritoneal carcinomatosis of colorectal can-
cer. J Clin Oncol 2003; 21: 3737-3743 [PMID: 14551293 DOI: 
10.1200/JCO.2003.04.187]

10 Elias D, Gilly F, Boutitie F, Quenet F, Bereder JM, Mansvelt 
B, Lorimier G, Dubè P, Glehen O. Peritoneal colorectal carci-
nomatosis treated with surgery and perioperative intraperi-
toneal chemotherapy: retrospective analysis of 523 patients 
from a multicentric French study. J Clin Oncol 2010; 28: 63-68 
[PMID: 19917863 DOI: 10.1200/JCO.2009.23.9285]

11 Cotte E, Passot G, Mohamed F, Vaudoyer D, Gilly FN, Glehen 
O. Management of peritoneal carcinomatosis from colorectal 
cancer: current state of practice. Cancer J 2009; 15: 243-248 
[PMID: 19556911 DOI: 10.1097/PPO.0b013e3181a58d67]

12 Valle M, Garofalo A. Laparoscopic staging of peritoneal 
surface malignancies. Eur J Surg Oncol 2006; 32: 625-627 
[PMID: 16822641 DOI: 10.1016/j.ejso.2006.03.015]

13 Chua TC, Morris DL, Saxena A, Esquivel J, Liauw W, Doer-
fer J, Germer CT, Kerscher AG, Pelz JO. Influence of modern 
systemic therapies as adjunct to cytoreduction and peri-
operative intraperitoneal chemotherapy for patients with 
colorectal peritoneal carcinomatosis: a multicenter study. 
Ann Surg Oncol 2011; 18: 1560-1567 [PMID: 21203904 DOI: 
10.1245/s10434-010-1522-1]

14 Elias D, Benizri E, Pocard M, Ducreux M, Boige V, Lasser 
P. Treatment of synchronous peritoneal carcinomatosis 
and liver metastases from colorectal cancer. Eur J Surg 
Oncol 2006; 32: 632-636 [PMID: 16621428 DOI: 10.1016/
j.ejso.2006.03.013]

15 Kianmanesh R, Scaringi S, Sabate JM, Castel B, Pons-
Kerjean N, Coffin B, Hay JM, Flamant Y, Msika S. Itera-
tive cytoreductive surgery associated with hyperthermic 
intraperitoneal chemotherapy for treatment of peritoneal 
carcinomatosis of colorectal origin with or without liver me-
tastases. Ann Surg 2007; 245: 597-603 [PMID: 17414609 DOI: 
10.1097/01.sla.0000255561.87771.11]

16 Elias D, Liberale G, Vernerey D, Pocard M, Ducreux M, 
Boige V, Malka D, Pignon JP, Lasser P. Hepatic and extrahe-
patic colorectal metastases: when resectable, their localiza-
tion does not matter, but their total number has a prognostic 
effect. Ann Surg Oncol 2005; 12: 900-909 [PMID: 16184442 
DOI: 10.1245/ASO.2005.01.010]

17 da Silva RG, Sugarbaker PH. Analysis of prognostic fac-
tors in seventy patients having a complete cytoreduction 
plus perioperative intraperitoneal chemotherapy for carci-
nomatosis from colorectal cancer. J Am Coll Surg 2006; 203: 
878-886 [PMID: 17116556 DOI: 10.1016/j.jamcollsurg.2006.0
8.024]

18 Sugarbaker PH, Jablonski KA. Prognostic features of 51 
colorectal and 130 appendiceal cancer patients with perito-
neal carcinomatosis treated by cytoreductive surgery and 
intraperitoneal chemotherapy. Ann Surg 1995; 221: 124-132 
[PMID: 7857141 DOI: 10.1097/00000658-199502000-00002]

19 Chua TC, Yan TD, Ng KM, Zhao J, Morris DL. Significance 
of lymph node metastasis in patients with colorectal cancer 
peritoneal carcinomatosis. World J Surg 2009; 33: 1488-1494 
[PMID: 19412567 DOI: 10.1007/s00268-009-0059-6]

20 Esquivel J, Averbach A, Chua TC. Laparoscopic cytoreduc-
tive surgery and hyperthermic intraperitoneal chemothera-
py in patients with limited peritoneal surface malignancies: 
feasibility, morbidity and outcome in an early experience. 
Ann Surg 2011; 253: 764-768 [PMID: 21475017]

21 Esquivel J, Averbach A. Laparoscopic Cytoreductive Sur-
gery and HIPEC in Patients with Limited Pseudomyxoma 
Peritonei of Appendiceal Origin. Gastroenterol Res Pract 2012; 
2012: 981245 [PMID: 22567001 DOI: 10.1155/2012/981245]

22 Fish R, Selvasekar C, Crichton P, Wilson M, Fulford P, 
Renehan A, O’Dwyer S. Risk-reducing laparoscopic cyto-
reductive surgery and hyperthermic intraperitoneal che-
motherapy for low-grade appendiceal mucinous neoplasm: 
early outcomes and technique. Surg Endosc 2014; 28: 341-345 
[PMID: 24061624]

23 Van der Speeten K, Stuart OA, Sugarbaker PH. Phar-
macokinetics and pharmacodynamics of perioperative 
cancer chemotherapy in peritoneal surface malignancy. 
Cancer J 2009; 15: 216-224 [PMID: 19556908 DOI: 10.1097/
PPO.0b013e3181a58d95]

24 Elias D, Delperro JR, Sideris L, Benhamou E, Pocard M, 
Baton O, Giovannini M, Lasser P. Treatment of peritoneal 
carcinomatosis from colorectal cancer: impact of complete 
cytoreductive surgery and difficulties in conducting ran-
domized trials. Ann Surg Oncol 2004; 11: 518-521 [PMID: 
15123461 DOI: 10.1245/ASO.2004.09.008]

25 Losa F, Barrios P, Salazar R, Torres-Melero J, Benavides M, 
Massuti T, Ramos I, Aranda E. Cytoreductive surgery and 
intraperitoneal chemotherapy for treatment of peritoneal 
carcinomatosis from colorectal origin. Clin Transl Oncol 
2014; 16: 128-140 [PMID: 23740133 DOI: 10.1007/s12094-013-
1053-x]

26 Verhulst J. Effects of bevacizumab and hyperthermia in 
a rodent model of hyperthermic intraperitoneal chemo-
therapy (HIPEC). Int J Hyperthermia 2013; 29: 62-70 [PMID: 
23311379 DOI: 10.3109/02656736.2012.753738]

27 Passot G, Dupré A, Rivoire M, Mohamed F, Bakrin N, Gle-

411

Arjona-Sánchez A et al . HIPEC in colorectal peritoneal metastasis



October 15, 2014|Volume 6|Issue 10|WJGO|www.wjgnet.com

hen O. Intraperitoneal bevacizumab combined with cytore-
ductive surgery: a pre-clinical study of tolerance and phar-
macokinetics in an animal model. Clin Transl Oncol 2012; 14: 
931-936 [PMID: 22855172 DOI: 10.1007/s12094-012-0888-x]

28 Franko J, Ibrahim Z, Gusani NJ, Holtzman MP, Bartlett DL, 
Zeh HJ. Cytoreductive surgery and hyperthermic intraperi-
toneal chemoperfusion versus systemic chemotherapy alone 
for colorectal peritoneal carcinomatosis. Cancer 2010; 116: 
3756-3762 [PMID: 20564081 DOI: 10.1002/cncr.25116]

29 Verwaal VJ, Bruin S, Boot H, van Slooten G, van Tinteren 
H. 8-year follow-up of randomized trial: cytoreduction and 
hyperthermic intraperitoneal chemotherapy versus systemic 
chemotherapy in patients with peritoneal carcinomatosis of 
colorectal cancer. Ann Surg Oncol 2008; 15: 2426-2432 [PMID: 
18521686 DOI: 10.1245/s10434-008-9966-2]

30 de Cuba EM, Kwakman R, Knol DL, Bonjer HJ, Meijer GA, 
Te Velde EA. Cytoreductive surgery and HIPEC for peritone-
al metastases combined with curative treatment of colorectal 
liver metastases: Systematic review of all literature and meta-
analysis of observational studies. Cancer Treat Rev 2013; 39: 
321-327 [PMID: 23244778 DOI: 10.1016/j.ctrv.2012.11.003]

31 Glehen O, Kwiatkowski F, Sugarbaker PH, Elias D, Levine 
EA, De Simone M, Barone R, Yonemura Y, Cavaliere F, 
Quenet F, Gutman M, Tentes AA, Lorimier G, Bernard JL, 
Bereder JM, Porcheron J, Gomez-Portilla A, Shen P, Deraco 
M, Rat P. Cytoreductive surgery combined with periopera-
tive intraperitoneal chemotherapy for the management of 
peritoneal carcinomatosis from colorectal cancer: a multi-
institutional study. J Clin Oncol 2004; 22: 3284-3292 [PMID: 

15310771 DOI: 10.1200/JCO.2004.10.012]
32 Bijelic L, Yan TD, Sugarbaker PH. Treatment failure follow-

ing complete cytoreductive surgery and perioperative intra-
peritoneal chemotherapy for peritoneal dissemination from 
colorectal or appendiceal mucinous neoplasms. J Surg Oncol 
2008; 98: 295-299 [PMID: 18726900 DOI: 10.1002/jso.21084]

33 Shen P, Thai K, Stewart JH, Howerton R, Loggie BW, 
Russell GB, Levine EA. Peritoneal surface disease from 
colorectal cancer: comparison with the hepatic metastases 
surgical paradigm in optimally resected patients. Ann Surg 
Oncol 2008; 15: 3422-3432 [PMID: 18784963 DOI: 10.1245/
s10434-008-0127-4]

34 Yan TD, Morris DL. Cytoreductive surgery and periopera-
tive intraperitoneal chemotherapy for isolated colorectal 
peritoneal carcinomatosis: experimental therapy or standard 
of care? Ann Surg 2008; 248: 829-835 [PMID: 18948811 DOI: 
10.1097/SLA.0b013e31818a15b5]

35 Quenet F, Goéré D, Mehta SS, Roca L, Dumont F, Hessissen 
M, Saint-Aubert B, Elias D. Results of two bi-institutional 
prospective studies using intraperitoneal oxaliplatin with or 
without irinotecan during HIPEC after cytoreductive surgery 
for colorectal carcinomatosis. Ann Surg 2011; 254: 294-301 
[PMID: 21772129 DOI: 10.1097/SLA.0b013e3182263933]

36 Elias D, Honoré C, Dumont F, Ducreux M, Boige V, Malka D, 
Burtin P, Dromain C, Goéré D. Results of systematic second-
look surgery plus HIPEC in asymptomatic patients present-
ing a high risk of developing colorectal peritoneal carcino-
matosis. Ann Surg 2011; 254: 289-293 [PMID: 21709543 DOI: 
10.1097/SLA.0b013e31822638f6]

P- Reviewer: Lau WY, Tsamis D    S- Editor: Ji FF    
L- Editor: A    E- Editor: Lu YJ

412

Arjona-Sánchez A et al . HIPEC in colorectal peritoneal metastasis



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com




