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Abstract
There is by no means a clear-cut pattern of mutations 
contributing to gastric cancers, and gastric cancer 
research can be hampered by the diversity of factors 
that can induce gastric cancer, such as Helicobacter 
pylori  infection, diet, ageing and other environmental 
factors. Tumours are unquestionably riddled with 
genetic changes yet we are faced with an unsolvable 
puzzle with respect to a temporal relationship. It is 
postulated that inherited genetic factors may be more 
important in early-onset gastric cancer (EOGC) than 
in gastric cancers found in older patients as they have 
less exposure to environmental carcinogens. EOGC, 
therefore, could provide a key to unravelling the genetic 
changes in gastric carcinogenesis. Gastric cancers 
occurring in young patients provide an ideal background 
on which to try and uncover the initiating stages of 
gastric carcinogenesis. This review summarizes the 
literature regarding EOGC and also presents evidence 
that these cancers have a unique molecular-genetic 
phenotype, distinct from conventional gastric cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the fourth most common malignancy 
in the world and ranks second in terms of  cancer-related 
death[1]. It is thought that gastric cancer results from a 
combination of  environmental factors and the accumula-
tion of  generalized and specific genetic alterations, and 
consequently affects mainly older patients often after a 
long period of  atrophic gastritis. The most common cause 
of  gastritis is infection by Helicobacter pylori (H. pylori), 
which is the single most common cause of  gastric can-
cer[2,3] and has been classified by the World Health organi-
zation (WHO) as a classⅠcarcinogen since 1994[4]. The 
risk of  infection varies with age, geographical location 
and ethnicity, but overall 15%-20% of  infected patients 
develop gastric or duodenal ulcer disease and less than 1% 
will develop gastric adenocarcinoma[4]. Environmental and 
other risk factors for gastric cancer are summarised in Ta-
ble 1 and have been recently reviewed by Milne et al[5,6].

A pattern of  gastritis has also been shown to correlate 
strongly with the risk of  gastric adenocarcinoma. The 
presence of  antral-predominant gastritis, the most common 
form, confers a higher risk of  developing peptic ulcers; 
whereas corpus predominant gastritis and multifocal 
atrophic gastritis lead to a higher risk of  developing gastric 
ulcers and subsequent gastric cancer[7,8]. The response 
to H. pylori infection and the subsequent pattern of  
gastritis depends on the genotype of  the patient and in 
particular a polymorphism in IL-1β, an inflammatory 
mediator triggered by H. pylori infection, is known to be 
of  importance[9]. Multifocal atrophic gastritis is usually 
accompanied by intestinal metaplasia and leads to cancer via 

Online Submissions: http://www.wjgnet.com/1948-5204office
wjgo@wjgnet.com
doi:10.4251/wjgo.v2.i2.59
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dysplasia, and thus intestinal metaplasia is considered to be 
a dependable morphological marker for gastric cancer risk. 
Unlike intestinal gastric cancer, the diffuse type typically 
develops following chronic inflammation without passing 
through the intermediate steps of  atrophic gastritis or 
intestinal metaplasia.

Several classification systems have been proposed, but 
the most commonly used are those of  the WHO and of  
Laurén who describes two main histological types, diffuse 
and intestinal[10]. Intestinal adenocarcinoma predominates 
in high-risk areas whereas the diffuse adenocarcinoma is 
more common in low-risk areas[11]. Although classification 
varies between Japan and the West, attempts have been 
made recently to standardize systems[12]. Early gastric 
cancer is a term to describe carcinomas limited to the 
mucosa or to both the mucosa and submucosa, regardless 
of  nodal status. The prevalence of  this lesion is higher in 
countries such as Japan, where a screening programme is 
carried out. 

 There is by no means a clear-cut pattern of  mutations 
in gastric cancers, with no known multi-step pathway, and 
genetic research can often be hampered by the diversity 
of  changes that are induced by H. pylori infection, diet, 
ageing and other environmental factors. Tumours are 
unquestionably riddled with genetic changes, as summarized 
in Figure 1, yet we are faced with an unsolvable puzzle 
with respect to a temporal relationship. In order to solve 
this problem, one approach is to investigate tumours that 
are less influenced by these environmental factors. Gastric 
cancers occurring in young patients, known as early-onset 
gastric cancers (EOGC), provide an ideal background on 
which to try and uncover the initiating stages in gastric 
carcinogenesis. In addition, hereditary cancers can often 
illuminate discrete mutations that can initiate the pathway 
of  gastric carcinogenesis.

EARLY ONSET GASTRIC CANCER
Gastric cancer is rare below the age of  30 thereafter it 
increases rapidly and steadily to reach the highest rates 
in the oldest age groups, both in males and females. The 
intestinal type rises faster with age than the diffuse type 
and is more frequent in males than in females. EOGC is 
defined as gastric cancer presenting at the age of  45 or 
younger. Approximately 10% of  gastric cancer patients 
fall into the EOGC category[13], although rates vary be-
tween 2.7%[14] and 15%[15] depending on the population 
studied. Young patients more frequently develop diffuse 
lesions, which often arise on the background of  histo-
logically “normal” gastric mucosa. It is postulated that 
genetic factors may be more important in EOGC than 
in older patients as younger patients have less exposure 
to environmental carcinogens[5,16], thus these cancers 
could provide a key to unravelling the genetic changes 
in gastric carcinogenesis. H. pylori may still play a role in 
the development of  gastric cancer in young patients[17-19], 
and there is, in fact, no difference in the distribution of  
gastric cancer predisposing IL1β polymorphisms be-
tween young and old patients[20]. However, the role of  

H. pylori is likely to involve a much smaller percentage of  
patients than in the older age group. Epstein-Barr virus 
(EBV), which is observed in 7%-20% of  gastric cancers, 
has been implicated in gastric carcinogenesis and oc-
curs slightly more frequently in diffuse-type gastric can-
cers[21-23]. However, the levels of  EBV infection appear 
to be much lower (or absent) in EOGC[24].

The clinicopathological features of  gastric carcinoma 
are said to differ between young and elderly patients[25] 
and it has been claimed that young patients have a 
poorer prognosis[26]. Others report that tumour staging 
and prognosis for young patients is similar to older 
patients and depends on whether the patients undergo 
a curative resection[13,15,27]. Young patients with gastric 
cancer in the United States are more likely to be black,  
Asian or Hispanic[28]. Relative to older patients, young 
patients have a female preponderance, a more frequent 
occurrence of  diffuse cancer and less intestinal meta
plasia[13,28,29]. This predominance of  females is considered 
by some to be due to hormonal factors[30,31]. Cancers in 
young patients are more often multifocal than in older 
patients[32] as is also seen in HDGC[33].

Approximately 10% of  young gastric cancer patients 
have a positive family history[13], some of  which are ac-
counted for by inherited gastric cancer predisposition 
syndromes. Although the underlying genetic events are 
not always known, it can involve CDH1 germline muta-
tions[34-36], encoding an aberrant form of  E-cadherin, 
resulting in hereditary diffuse gastric cancer (HDGC), as 
recently reviewed by Carneiro et al[36]. In fact, some sug-
gest that when looking at hMLH1 and CDH1 germline 
mutations, 2%-3% of  EOCG cases in North Americans 
may be due to high-risk genetic mutations[37,38]. The 90% 
without a family history emphasizes that the occurrence 
of  gastric cancer in young patients remains largely unex-
plained, and is probably caused by a predisposing geno-
type that has facilitated cancer development due various 
environmental triggers[6].

Table 1  Environmental and other risk factors for conventional 
gastric cancer

Increased risk of gastric cancer Decreased risk of gastric 
cancer

CHD1, TP53, BRCA2 germline mutation Fruit and vegetables
Hereditary non-polyposis colorectal cancer Ascorbic acid
Helicobacter pylori infection Carotenoids
Ebstein barr virus infection Folates
Cigarette smoking Tocopherols
Smoked or cured meat and fish Cereal fibres
Pickled vegetables Numerous polymorphisms 

(as mentioned under 
increased risk)

Chilli peppers
Alcohol
Exposure to nitrosamines + inorganic dust
Obesity
Pharmacological gastric acid suppression
IL-1β-31 polymorphism
1195 COX-2 polymorphism
Other polymorphisms: MTHFR, PSCA, 
XPA, XPC, ERCC2, GSTT1, SULT1A1, 
NAT2, EPHX1, Toll-like receptor 4

60 February 15, 2010|Volume 2|Issue 2|WJGO|www.wjgnet.com



It has been discovered that EOGCs have a different 
clinicopathological profile than conventional gastric carci-
nomas. This suggests that they represent a separate entity 
within gastric carcinogenesis and indeed evidence at a mo-
lecular genetic level supports this. The majority of  gastric 
adenocarcinomas, like many other solid tumours, show 
defects in the maintenance of  genome stability, resulting 
in DNA copy number alteration that can be analysed by 
(microarray-based) comparative genomic hybridization 
(array CGH). Hierarchical cluster analysis of  array CGH 
data on 46 gastric cancer patients (including 12 young pa-
tients) revealed clusters with genomic profiles that corre-
lated significantly with age[39]. Gains at chromosomes 17q, 
19q and 20q have been found in EOGC with comparative 
genomic hybridization[40] and LOH findings have also 
shown that losses are infrequent in EOGC[24].

The presence of  microsatellite instability (MSI), 
which usually occurs at a frequency of  15%-20% in older  
gastric carcinomas, also varies dramatically between gas-
tric cancer in young and old patients, with MSI consist-
ently absent in EOGC[24,29,41,42]. These results have been 
found despite the analysis of  distal tumours (where MSI 
is usually more common) and inclusion of  mixed and 
intestinal type tumours (diffuse tumours generally have 
less MSI)[43]. However, it may be that geographical fac-
tors play a role[44]. A lack of  MSI excludes the mutator 

phenotype as an important predisposing factor in the de-
velopment of  EOGC. This contrasts with the situation 

in colorectal cancer where 58% of  patients without HN-
PCC aged under 35 years showed evidence of  MSI[45]. 
EOGC also contrasts with colorectal cancer with respect 
to the tumor suppressor gene APC, which causes famil-
ial adenomatosis polyposis syndrome. The role of  APC 
in EOGC is limited and nuclear expression of  β-catenin 
has not been found to differ between EOGC and con-
ventional gastric cancers[46,47].

Molecular expression profiles of  EOGC and con-
ventional gastric cancers have been found to differ and 
EOGC has a COX-2 Low, TFF-1 expressing pheno-

type[46]. In light of  studies showing the reduced risk of  
gastric cancer in non-steroidal anti-inflammatory drug 
users[48,49], these results may have clinical implications, as 
they suggest that this reduced risk may apply only to gas-
tric cancer in older patients, as COX-2 does not appear 
to play an important role in EOGC. It also implies that 
genetic changes typical for conventional tumors more 
readily induce COX-2 expression than those associated 
with EOGC. Interestingly, this COX-2 low phenotype 
cannot be explained by the increased presence of  the 
COX2 -765 G>C polymorphism in EOGC[50]. A higher 
incidence of  aberrant E-cadherin expression in EOGC 
regardless of  histological type[29] has also been reported, 
although a more recent report that compared EOGC with 
conventional cancers showed that aberrant expression of  
E-cadherin correlated significantly with the diffuse type[46]. 

Deregulation of  the cell cycle is known to be a criti-
cal event in the onset of  tumourigenesis, and thus the 
finding of  low molecular weight isoforms of  cyclin E in 
EOGC, which are reported to be constitutively active in 
breast cancer[51], are of  great interest. The expression of  
these isoforms differs between EOGC and conventional 
cancers, being present in 35% of  EOGCs, compared to 
in 8% of  conventional gastric cancers and 4% of  stump 
cancers[52]. In addition, these low molecular weight iso-
forms in EOGC diverge from the classical role of  cyclin 
E as oncogenes and were found to be an independent 
positive prognostic indicator in EOGC[52] adding to 
reports where the role of  cyclin E conflicted with previ-
ous dogma[53,54]. This complexity of  molecular wiring in 
carcinogenesis has also been emphasized in recent litera-
ture, with the conclusion that cancer can no longer be 
viewed purely in terms of  a network of  oncogenes and 
tumour suppressor genes[55,56].

Further evidence that EOGCs display molecular 
characteristics different from conventional carcinomas 
comes from a study where amplification at 11p12-13 was 
found in gastric cancer using representational difference 
analysis and was confirmed by Southern blot analysis. It 

Figure 1  This figure summarizes the molecular 
genetic changes in conventional gastric cancer 
and emphasizes the lack of a multi-step pathway 
in gastric cancer, despite extensive research in 
the field. It highlights the need for a new approach to 
understanding gastric cancer, such as examining early-
onset gastric cancers and hereditary gastric cancers, 
where we can learn from the young.
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was found that overexpression of  the isoform CD44v6 
correlated with this amplification in  diffuse type cancer 
and that this overexpression occurred more commonly 
in EOGC regardless of  histological type[57].

The gene RUNX3 has been a subject of  great debate 
in gastric cancer studies in recent years, following a study 
where loss of  the gene was shown to be associated with 
stimulated proliferation and suppressed apoptosis of  
gastric epithelial cells[58]. Conflicting evidence has, how-
ever, also been present, as the expression of  RUNX3 in 
the gastric mucosa of  mice differed significantly between 
strains analysed[59]. Furthermore, the gastric hyperpla-
sia observed in the Runx3-/- mice used in Li’s study was 
not observed in the mouse strain studied by Levanon  
et al[60]. Recent literature regarding RUNX3 has excluded 
it as having a tumour suppressor function in EOGC[61], 
although as some of  the cell lines used in this study 
were from conventional gastric cancers, the implications 
may be more far-reaching and call the importance of  
RUNX3 in all gastric cancers into question. 

Classic genetics alone cannot explain sporadic EOGC 
and cancer development in patients with a weak family 
history. The concept of  epigenetics offers a partial ex-
planation and may have important clinical implications 
for these types of  cancer. The best-known epigenetic 
marker is DNA methylation, which occurs in CpG sites 
(islands), has critical roles in the control of  gene activity, 
and is influenced by the modifications in histone structure 
that are commonly disrupted in cancer cells. Gene pro-
moter methylation, a phenomenon that increases with age 
and may account for the increase in cancer in older age 
groups, has also been found to occur in EOGC[47]. How-
ever, comparison with the conventional group has not yet 
been carried out.

As supported by the literature, summarised in Table 2,  
EOGCs differ from conventional gastric cancers, not 
only at a clinicopathological level, but also at a molecular 
genetic level. If  this is indeed due to the fact that the envi-
ronment plays a smaller role in triggering the carcinogenic 
pathway, the investigation of  this group of  cancers may 
reveal genetic changes that assist in the task of  putting 
forward a multistep pathway for gastric cancer. 

FUTURE PROSPECTIVES
Gastric carcinoma continues to be a cause of  premature 
death, despite progress in detection and treatment and 
despite advances in our understanding of  the molecular 
basis of  cancer. The need to develop efficient and effective 
cancer-specific drugs is coupled with the importance of  
accurate prediction of  disease outcome for various patient 
groups, some of  whom, due to the biology of  their disease, 
will do better than others and may warrant a different 
treatment protocol. However, the multi-step pathway of  
carcinogenesis that occurs in some epithelial cancers and that 
has allowed accurate clinical and pathologic characterization 
is not yet elucidated in gastric cancer. Gastric cancers often 
occur without any consistent mutational abnormality and 
with considerable variation in pathogenesis ranging from a 
stepwise progression of  changes to tumours arising in the 
absence of  a precursor lesion. As has been highlighted in this 
article, there is growing evidence to support the hypothesis 
that young patients develop carcinomas with a different 
molecular genetic profile from that of  sporadic carcinomas 
occurring at a later age. Further study of  hereditary gastric 
cancers and EOGC as unique subsets of  gastric cancer may 
aid us in the search for a gastric cancer pathway.
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Abstract
Surgical resection remains the mainstay of treatment 
for gastric cancer. Laparoscopic assisted gastrectomy 
has failed to gain universal acceptance as an alternative 
to the open approach for a number of reasons, one 
of which includes the issue of oncological radicality in 
terms of lymph node dissection. Nodal status, which 
is one of the most crucial and independent predictors 
of patient survival, therefore has been examined both 
in single institutional trials and also in randomised 
controlled trials especially on early gastric cancer. The 
issue of oncological adequacy for laparoscopic lymph 
node harvesting for advanced gastric cancer remains a 
contentious issue because of the unique challenges it 
poses in terms of complexity, safety and time, and also 
the lack of randomised controlled trials in this area. It is 
thus imperative that good quality multicentre randomised 
controlled trials are designed to investigate the benefits of 
extended lymphadenectomy in the setting of laparoscopic 

surgery, especially for advanced gastric cancer and its 
impact on both short and long term survival. 
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Minimal access gastrointestinal surgery for gastric cancer; 
i.e. laparoscopic distal gastrectomy (LDG), has not achieved 
universal acceptance by the surgical fraternity although 
introduced 13 years ago. The reasons are both technical 
and oncological. Recently, however, there has been a 
tremendous amount of  advancement in the development 
of  laparoscopic instruments which, coupled with increasing 
experience in the performance of  complex laparoscopic 
gastrointestinal procedures, have led to the expansion of  
minimal access surgery for both benign and malignant 
gastric procedures. The following editorial will discuss some 
of  these contentious issues and progress made in this area.

Laparoscopic assisted gastrectomy (LAG) for the man­
agement of  gastric malignancy is becoming increasingly 
popular. It was introduced 13 years ago by a group of  
Japanese surgeons[1]. Its wider acceptance, however, as an 
alternative to the open approach remains a contentious 
subject, especially because of  the technical difficulties 
involved in achieving an adequate lymph node dissection, 
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an issue that is viewed differently by Eastern and Western 
surgeons. Various trials have estimated that there will be 
lymph node involvement in 3%-5% of  gastric cancer 
cases limited to mucosa only, 11%-25% lymph node 
involvement if  the cancer involves submucosa, 50% 
lymph node involvement in T2 cancer and 83% lymph 
node involvement in T3 cancer[2,3]. Nodal status, thus, 
is one of  the most crucial and independent predictors 
of  patient survival[4,5]. Therefore, the issue of  oncology 
radicality for lymph node harvesting, especially for both 
early and advanced gastric cancer during LAG, remains 
hotly debated because of  the unique challenge it poses in 
terms of  complexity, safety and time. Many gastrointes­
tinal surgeons, at least in the West, consider laparoscopic 
D2 lymph node dissection to be tedious, onerous, un­
necessary and even unsafe. This assumption is based on a 
number of  randomised controlled trials (level Ⅰ evidence) 
comparing open D1 vs D2 lymphadenectomy for gastric 
cancer, which has shown no long term survival advantage 
and a higher perioperative complication rate and death 
in the D2 group[6,7]. Furthermore, the cochrane Review[8] 
has confirmed these findings. However, many groups, es­
pecially from the East, differ on this issue based on their 
large retrospective data showing significant benefits and 
modest morbidity from extended lymph node dissection. 
Some of  the groups with extensive open D2 experience 
have since consolidated their experience with LAG and 
have now published randomised controlled trials (RCTs) 
comparing LDG and open distal gastrectomy (ODG)[9-12]. 

The RCTs have examined the issue of  laparoscopic radi­
cality of  lymph node dissection mainly in early gastric 
cancer. To date, all the RCTs (level Ⅰ evidence) have found 
lymph node retrieval during a laparoscopic procedure to 
be not only sufficient but meeting the global standard for 
adequate staging, emphasizing the oncological radicality 
of  laparoscopic gastric procedures[13]. In fact, in none of  
the RCTs was there any significant statistical difference in 
lymph node retrieval for the two procedures. However, a 
recent meta-analysis[14], which pooled together the results 
of  four RCTs, has come to a different conclusion alto­
gether. The authors of  this meta-analysis[14] have shown 
that there was a statistically significant reduction in lymph 
node harvesting for LDG compared to ODG, which may 
translate into an overall survival disadvantage for patients 
having LDG. As the long term results for the majority of  
these trials have not been published, this assumption is dif­
ficult to corroborate. However, the long term results are 
eagerly awaited.

The argument on the merits and risks of  extended 
lymph node clearance for AGC during LAG is addition­
ally controversial because of  the absence of  level Ⅰ or Ⅱ 
evidence. Hwang et al[15] reported their experience of  LAG 
for AGC. They compared LAG (n = 45) with ODG (n 
= 83) performed between 2004 and 2007 in a non-rand­
omized fashion. These authors found no difference in the 
mean number of  nodes harvested in either group and felt 
that extended lymphadenectomy for AGC is possible and 
safe. Furthermore, the authors felt that there was good 
evidence that LAG was superior in improving the quality 

of  life. However, the mean follow-up of  the patients was 
around two years and therefore long term results in terms 
of  disease free survival and mortality are not known. Sim­
ilarly, Kawamura et al[16] in yet another non-randomized 
trial comparing LDG (n = 53) and ODG (n = 67) over a 
two year period examined the safety and accuracy of  D2 
dissection for AGC. They concluded that D2 dissection 
could be performed safely and accurately without undue 
complications provided the surgical team was skilled in 
minimally invasive surgical techniques. However, they 
conceded that no long term results for LDG for AGC are 
available and therefore the need for an RCT is important 
to address this issue. 

Zhang et al[17] looked at 10 years of  experience in their 
unit with 391 laparoscopic gastrectomies from 1998 to 
2007. In 100 patients (25.6%), the number of  lymph nodes 
retrieved was less then 15. This number is less than one 
would expect even for D1 lymphadenectomy suggesting 
that the extent of  lymphadenectomy achieved by these 
authors in a quarter of  their patients did not approach 
the global standard for accurate staging. The findings of  
this trial suggest that even in experienced hands and in 
large volume centres, extended lymphadenectomy poses a 
challenge. 

Nodal status, whether in LDG or ODG, remains the 
most important independent predictor of  gastric cancer 
patient survival. The RCTs comparing LDG versus 
ODG for early gastric cancer have shown that the extent 
of  lymphadenectomy achieved by current laparoscopic 
procedures approaches the global standard for accurate 
staging. Performing extended resection laparoscopi­
cally as recommended in Japan remains a challenge and 
is a time consuming process as evident from the Zhang  
et al[17] study. Therefore, laparoscopic gastrectomy for 
AGC may only be justified under the setting of  clinical 
trials in a high volume centre and in the hands of  experi­
enced laparoscopic gastric surgeons. Given the vast dif­
ference between Eastern and Western surgeons in surgical 
experience in gastric cancer surgery, and the difference 
in the prevalence of  gastric cancer between the East and 
West and a higher rate of  complications associated with 
a more aggressive resection, it is imperative that surgeons 
in the East take the lead in organising a good quality 
multicentre randomised controlled trial enrolling a large 
number of  patients to address the issue of  LDG versus 
ODG for the treatment of  gastric cancer, with a main em­
phasis on extended lymph node resection and its impact 
on both short and long term survival. 

REFERENCES
1	 Kitano S, Iso Y, Moriyama M, Sugimachi K. Laparoscopy-

assisted Billroth I gastrectomy. Surg Laparosc Endosc 1994; 4: 
146-148

2	 Oñate-Ocaña LF, Aiello-Crocifoglio V, Mondragón-Sánchez 
R, Ruiz-Molina JM. Survival benefit of D2 lympadenectomy 
in patients with gastric adenocarcinoma. Ann Surg Oncol 
2000; 7: 210-217

3	 de Gara CJ, Hanson J, Hamilton S. A population-based 
study of tumor-node relationship, resection margins, and 
surgeon volume on gastric cancer survival. Am J Surg 2003; 

WJGO|www.wjgnet.com 66 February 15, 2010|Volume 2|Issue 2|



186: 23-27
4	 Seto Y, Nagawa H, Muto T. Results of extended lymph 

node dissection for gastric cancer cases with N2 lymph node 
metastasis. Int Surg 1997; 82: 257-261

5	 Siewert JR, Böttcher K, Stein HJ, Roder JD. Relevant 
prognostic factors in gastric cancer: ten-year results of the 
German Gastric Cancer Study. Ann Surg 1998; 228: 449-461

6	 Hartgrink HH, van de Velde CJ, Putter H, Bonenkamp JJ, 
Klein Kranenbarg E, Songun I, Welvaart K, van Krieken 
JH, Meijer S, Plukker JT, van Elk PJ, Obertop H, Gouma DJ, 
van Lanschot JJ, Taat CW, de Graaf PW, von Meyenfeldt 
MF, Tilanus H, Sasako M. Extended lymph node dissection 
for gastric cancer: who may benefit? Final results of the 
randomized Dutch gastric cancer group trial. J Clin Oncol 
2004; 22: 2069-2077

7	 Cuschieri A, Weeden S, Fielding J, Bancewicz J, Craven 
J, Joypaul V, Sydes M, Fayers P. Patient survival after D1 
and D2 resections for gastric cancer: long-term results of 
the MRC randomized surgical trial. Surgical Co-operative 
Group. Br J Cancer 1999; 79: 1522-1530

8	 McCulloch P , Nita ME, Kazi H, Gama-Rodrigues J. 
Extended versus limited lymph nodes dissection technique 
for adenocarcinoma of the stomach. Cochrane Database Syst 
Rev 2004; CD001964

9	 Kitano S, Shiraishi N, Fujii K, Yasuda K, Inomata M, 
Adachi Y. A randomized controlled trial comparing open 
vs laparoscopy-assisted distal gastrectomy for the treatment 
of early gastric cancer: an interim report. Surgery 2002; 131: 
S306-S311

10	 Huscher CG, Mingoli A, Sgarzini G, Sansonetti A, Di Paola 

M, Recher A, Ponzano C. Laparoscopic versus open subtotal 
gastrectomy for distal gastric cancer: five-year results of a 
randomized prospective trial. Ann Surg 2005; 241: 232-237

11	 Lee JH, Han HS, Lee JH. A prospective randomized study 
comparing open vs laparoscopy-assisted distal gastrectomy 
in early gastric cancer: early results. Surg Endosc 2005; 19: 
168-173

12	 Hayashi H, Ochiai T, Shimada H, Gunji Y. Prospective 
randomized study of open versus laparoscopy-assisted 
distal gastrectomy with extraperigastric lymph node 
dissection for early gastric cancer. Surg Endosc 2005; 19: 
1172-1176

13	 Shehzad K, Mohiuddin K, Nizami S, Sharma H, Khan IM, 
Memon B, Memon MA. Current status of minimal access 
surgery for gastric cancer. Surg Oncol 2007; 16: 85-98

14	 Memon MA, Khan S, Yunus RM, Barr R, Memon B. Meta-
analysis of laparoscopic and open distal gastrectomy for 
gastric carcinoma. Surg Endosc 2008; 22: 1781-1789

15	 H w a n g S I ,  K i m H O , Y o o C H , S h i n J H , S o n B H . 
Laparoscopic-assisted distal gastrectomy versus open distal 
gastrectomy for advanced gastric cancer. Surg Endosc 2009; 
23: 1252-1258

16	 Kawamura H, Homma S, Yokota R, Yokota K, Watarai 
H, Hagiwara M, Sato M, Noguchi K, Ueki S, Kondo Y. 
Inspection of safety and accuracy of D2 lymph node 
dissection in laparoscopy-assisted distal gastrectomy. World 
J Surg 2008; 32: 2366-2370

17	 Zhang X, Tanigawa N, Nomura E, Lee SW. Curability of 
laparoscopic gastrectomy for gastric cancer: an analysis of 
10 years' experience. Gastric Cancer 2008; 11: 175-180

   S- Editor  Li LF    L- Editor  Lutze M    E- Editor  Lin YP

WJGO|www.wjgnet.com

Memon MA et al . Lymphadenectomy and laparoscopic gastrectomy

67 February 15, 2010|Volume 2|Issue 2|



Santiago González-Moreno, Luis A González-Bayón, 
Gloria Ortega-Pérez, Peritoneal Surface Oncology Program, 
Department of Surgical Oncology, Centro Oncológico MD 
Anderson International España, 28033 Madrid, Spain
Author contributions: González-Moreno S, Ortega-Pérez G, 
and González-Bayón LA designed, discussed the paper contents 
and collected pertinent information; González-Moreno S wrote 
the paper.
Correspondence to: Santiago González-Moreno, MD, PhD, 
Peritoneal Surface Oncology Program, Department of Surgical 
Oncology, Centro Oncológico MD Anderson International 
España, Calle Arturo Soria 270, 28033 Madrid,
Spain. sgonzalez@mdanderson.es
Telephone: +34-91-7878600  Fax: +34-91-7680681
Received: July 2, 2009            Revised: January 11, 2010
Accepted: January 18, 2010
Published online: February 15, 2010

Abstract
The combination of complete cytoreductive surgery 
and perioperative intraperitoneal chemotherapy 
provides the only chance for long-term survival for 
selected patients diagnosed with a variety of peritoneal 
neoplasms, either primary or secondary to digestive or 
gynecologic malignancy. Hyperthermic intraperitoneal 
chemotherapy (HIPEC) delivered in the operating room 
once the cytoreductive surgical procedure is finalized, 
constitutes the most common form of administration 
of perioperative intraperitoneal chemotherapy. This 
may be complemented in some instances with early 
postoperative intraperitoneal chemotherapy (EPIC). 
HIPEC combines the pharmacokinetic advantage 
inherent to the intracavitary delivery of certain cytotoxic 
drugs, which results in regional dose intensification, 
with the direct cytotoxic effect of hyperthermia. 
Hyperthermia exhibits a selective cell-killing effect 
in malignant cells by itself, potentiates the cytotoxic 
effect of certain chemotherapy agents and enhances 
the tissue penetration of the administered drug. The 

chemotherapeutic agents employed in HIPEC need 
to have a cell cycle nonspecific mechanism of action 
and should ideally show a heat-synergistic cytotoxic 
effect. Delivery of HIPEC requires an apparatus that 
heats and circulates the chemotherapeutic solution 
so that a stable temperature is maintained in the 
peritoneal cavity during the procedure. An open 
abdomen (Coliseum) or closed abdomen technique 
may be used, with no significant differences in efficacy 
proven to date. Specific technical training and a solid 
knowledge of regional chemotherapy management 
are required. Concerns about safety of the procedure 
for operating room personnel are expected but are 
manageable if universal precautions and standard 
chemotherapy handling procedures are used. Different 
HIPEC drug regimens and dosages are currently in use. 
A tendency for concurrent intravenous chemotherapy 
administration (bidirectional chemotherapy, so-called 
“HIPEC plus”) has been observed in recent years, with 
the aim to further enhance the cytotoxic potential 
of HIPEC. Future trials to ascertain the ideal HIPEC 
regimen in different diseases and to evaluate the 
efficacy of new drugs or drug combinations in this 
context are warranted.
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INTRODUCTION
Peritoneal dissemination of  gastrointestinal (GI) or gyne­
cologic cancers or primary peritoneal neoplasms constitute 
a difficult challenge for the practicing oncologist given 
the dismal prognosis associated with these entities and 
the debilitating effect that they exert on those patients 
who suffer them. Cytoreductive surgery combined with 
perioperative intraperitoneal chemotherapy is currently a 
valid treatment option for selected cases diagnosed with 
these diseases. Extensive clinical and pharmacological 
research studies have been conducted and unprecedented 
therapeutic results have been reported[1-4], bringing pe­
ritoneal surface oncology to the forefront of  clinical onco­
logy practice and research. Moreover, peritoneal surface 
malignancy treatment centers have been established around 
the world. 

Cytoreductive surgery combined with perioperative 
intraperitoneal chemotherapy is a complex therapeutic 
modality. It includes an aggressive and extensive surgical 
procedure and the administration of  intraperitoneal 
chemotherapy, either in the intraoperative setting with 
hyperthermia or/and in the early postoperative setting. 
In expert hands, the associated morbidity and mortality 
parallels that of  other major oncological surgery[5], but this 
expertise needs to be gained. Awareness of  treatment-
related toxicity is important and needs to be factored in 
the patient selection process.

Hyperthermic Intraperitoneal Chemotherapy (HIPEC) 
is delivered in the operating room once the cytoreductive 
surgical procedure is finalized and constitutes the most 
common form of  administration of  perioperative intra­
peritoneal chemotherapy. The acronym HIPEC, coined 
by the group from the Netherlands Cancer Institute, 
became the standardized nomenclature for this procedure 
as a result of  the experts’ consensus achieved during the 
Fourth International Workshop on Peritoneal Surface 
Malignancy (Madrid, 2004)[6].

In this article, the rationale that supports its use and 
the methodology employed for the delivery of  HIPEC are 
discussed. Additionally, safety precautions to be observed 
during the procedure are reviewed.

RATIONALE
The pharmacokinetic advantage of intraperitoneal 
chemotherapy administration
Following intraperitoneal delivery of  cytotoxic drugs, high 
regional concentrations can be achieved while keeping 
systemic drug levels low. The concentration differential is 
in part due to the relatively slow rate of  movement of  the 
drug from the peritoneal cavity into the plasma (peritoneal 
clearance). This pharmacokinetic advantage is explained 
by the existence of  a peritoneal-plasma barrier, which 
maintains a continuous high concentration gradient of  
chemotherapeutic drug between the peritoneal cavity and 
the plasma compartment[7,8], although its exact anatomical 
nature has not been fully elucidated. Actually, extensive 
removal of  the diseased peritoneum during cytoreductive 
surgery does not seem to affect the pharmacokinetics of  

intraperitoneal chemotherapy[9]. An additional advantage 
to intraperitoneal chemotherapy administration is that the 
blood drainage of  the peritoneal surface occurs via the 
portal vein to the liver, providing a first-pass (detoxifying) 
effect and an increased exposure of  potential hepatic 
micrometastases to cytotoxic drugs[10]. Certain drugs are 
also transported through lymphatics to the systemic circu­
lation and consequently higher drug concentrations in the 
lymph than in the plasma are achieved.

The area under the concentration-time curve ratio 
(AUC ratio) of  the drugs between the peritoneal cavity 
and the peripheral blood expresses most adequately 
the pharmacological advantage of  intraperitoneal drug 
administration. Depending on their molecular weight, 
their affinity to lipids and first-pass effect and clearance 
by the liver, the intraperitoneal to plasma drug AUC ratio 
may exceed 1000, as in the case of  placlitaxel. Commonly 
used agents in GI or gynaecological oncology such as 
platinum derivatives, 5-FU, taxanes, irinotecan, adriamycin 
or mitomycin C show this advantage to a different extent.

The pharmacokinetic model that governs this phen­
omenon goes beyond the classical two-compartment 
model, with two compartments (plasma and peritoneal 
cavity in this case) separated by a semipermeable mem­
brane. A three-compartment model that incorporates 
the tumor-bearing peritoneum as the third compartment, 
where the drug is also incorporated by tissue penetration, 
offers a more accurate explanation[11]. This compartment 
is the actual target of  the cytotoxic treatment and can 
also be reached via systemic administration of  the drug 
via subperitoneal capillaries; this provides the rationale 
for the recently designed “bidirectional” chemotherapy 
regimens consisting in the concurrent intraperitoneal and 
intravenous administration of  the drugs.

Tissue penetration
A disadvantage of  intracavitary chemotherapy is the lim­
ited tissue penetration by the therapeutic agent. Unfortu­
nately, for many agents it is difficult to accurately measure 
tissue penetration depth and concentration after intraperi­
toneal administration and, when possible, there is a large 
inter-individual variation. Nevertheless, the penetration 
depth of  drugs that are intraperitoneally delivered is esti­
mated to be a maximum of  3 to 5 mm[12-17]. These figures 
are actually considered an overestimation, the reality being 
in the range from a few cell layers to a few millimeters. 
This is the reason why an adequate cytoreductive surgery 
should precede the intraperitoneal delivery of  drugs and 
why 2.5 mm in largest diameter is considered the thresh­
old for residual tumor nodule diameter if  a cytoreduction 
is to be considered optimal (“complete cytoreduction”).

Hyperthermia
There is an abundance of  experimental and clinical evi­
dence that indicate that malignant cells are selectively 
destroyed by hyperthermia in the range of  41 to 43℃. 
The cellular and molecular basis for this selectivity has 
been well studied[18-20]. While inhibited RNA synthesis and 
mitosis arrest are reversible and nonselective results of  
hyperthermia, an increase in the number of  lysosomes and 
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lysosomal enzyme activity are selective effects in malignant 
cells. These heat-induced lysosomes are more labile in 
malignant cells and therefore result in increased destructive 
capacity. Furthermore, the microcirculation in most mali­
gnant tumours exhibits a decrease in blood flow or even 
complete vascular stasis in response to hyperthermia, 
which is in contrast to an increased flow capacity found 
in normal tissues[21]. This, in combination with depression 
or complete inhibition of  oxidative metabolism in tumour 
cells subjected to hyperthermia and unaltered anaerobic 
glycolysis, leads to accumulation of  lactic acid and lower 
pH in the microenvironment of  the malignant cell. This 
effect is selective for malignant cells and may be due to 
the increased sensitivity of  mitochondrial membranes in 
malignant cells. The increased acidity then increases the 
activity of  the lysosomes which are increased in number. 
This results in accelerated cell death of  the more fragile 
malignant cells subjected to hyperthermia[19] as compared 
to normal cells.

Thermal enhancement of cytotoxicity
The combination of  heat and cytotoxic drugs frequently 
results in an increased cytotoxicity, beyond that predicted 
for an additive effect. The synergism between both kinds 
of  treatment is dependent on several factors including 
increased drug uptake in malignant cells which is due to 
increased membrane permeability and improved membrane 
transport. There is also evidence that heat may alter 
cellular metabolism and change drug pharmacokinetics 
and excretion, both of  which can increase the cytotoxicity 
of  certain chemotherapeutic agents[22]. Additional factors 
include increased drug penetration in tissue, temperature-
dependent increases in drug action and inhibition of  repair 
mechanisms. In many cases, this enhancement of  activity 
and penetration depth of  drugs is already seen above 
39-40℃[16,20,23,24].

The synergism of  heat and drugs has been well docu­
mented, especially for selected chemotherapeutic agents 
used during HIPEC. Several agents have been shown 
to have an apparently improved therapeutic index and 
efficacy when used with hyperthermia in in vitro and in 
vivo experimental studies. Generally, the highest thermal 
enhancement ratios have been observed for alkylating 
agents such as melphalan, cyclophosphamide and ifos­
famide[25]. Thermal enhancement of  cytotoxicity has been 
shown for a variety of  drugs, the most questioned today is 
that of  the taxanes.

Uncontrolled hyperthermia may result in acute and 
late systemic side-effects. Actually central temperature 
rises during HIPEC. However, in HIPEC the heat is 
applied locoregionally and hence such an adverse effect of  
hyperthermia on drugs’ toxicity is not, or in a much lesser 
extent, to be expected.

Choice of drug and drug dosaging for HIPEC
The choice of  the chemotherapeutic drug is very 
important and certain aspects have to be considered. 
It is important for the agent to lack severe direct local 
toxicity after intraperitoneal administration. Moreover, the 

drug should have a well-established activity against the 
malignancy treated. Drugs that have to be metabolized 
systemically into their active form are inappropriate for 
intraperitoneal use. Whereas in instillation intraperitoneal 
chemotherapy all categories of  active drugs can be used, 
in HIPEC procedures a direct cytotoxic agent (cell cycle-
nonspecific) is needed[22].

Systemic exposure to intraperitoneally administered 
drugs inevitably occurs to a variable, limited extent and is 
responsible for their toxicity. In order to make this exposure 
and the subsequent toxicity predictable, standardized 
dosaging by body surface area of  both the drug and 
the volume of  the carrier solution to be employed are 
recommended. For the latter, some authors recommend 2 
L/m2[26], whereas others propose 1.5 L/m2[27].

TECHNIQUE
HIPEC is delivered once tumor cytoreduction has been 
concluded and before any digestive reconstruction or 
diversion is made. The rationale for this timing in relation 
to GI tract reconstruction has to do with the opportunity 
of  exposing bowel section lines to the chemotherapy 
solution in an effort to minimize the chance for anas­
tomotic or staple line recurrence. Although this is the 
classical way to do it, there are some groups that perform 
anastomoses before the administration of  HIPEC with 
no apparent increase in anastomotic recurrences.

The chemotherapy solution is prepared in the phar­
macy department and it is sent to the operating room 
in a closed light-protected bag with appropriate labeling 
which is handled with double gloves and the integrity of  
the bag is checked. Any leak detected results in the bag 
being returned to the pharmacy department. If  the bag is 
approved there is no risk of  direct exposure and it is given 
to the person responsible for the perfusion, who must 
check the patient’s name, drug and dose delivered against 
those prescribed.

Generally speaking, there are two methods for 
intraperitoneal administration of  hyperthermic chemo­
therapy: open abdomen technique and closed abdomen 
technique.

The open method is usually performed by the 
“Coliseum technique”, as described by Sugarbaker[28]. Once  
the cytoreductive phase has been finalized, a Tenckhoff  
catheter and four closed suction drains are placed thr­
ough the abdominal wall and made watertight with a 
purse string suture at the skin. A different number of  
temperature probes secured to the skin edge may be used 
for intraperitoneal temperature monitoring; at least one 
in the in-flow line and another one at a distance from 
this point (pelvis) are employed. The skin edges of  the 
abdominal incision are suspended up to a Thompson self-
retaining retractor by a running monofilament number 1 
suture, in order to create an open space in the abdominal 
cavity. A plastic sheet is incorporated into this suture to 
prevent chemotherapy solution splashing from occurring. 
A slit in the plastic cover is made to allow the surgeon´
s double gloved hand access to the abdomen and pelvis. 
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Impervious gown and protection goggles are mandatory. 
The smoke evacuator is placed under the plastic sheet to 
clear chemotherapy particles that may be liberated during 
the procedure. During the 30 min to 90 min of  perfusion, 
all the anatomic structures within the peritoneal cavity 
are uniformly exposed to heat and chemotherapy by 
continuous manipulation of  the perfusate. A roller pump 
forces chemotherapy perfusion into the abdomen through 
the Tenckhoff  catheter and pulls it out through the drains, 
with a flow rate around 1 L/min. A heat exchanger keeps 
the fluid being infused at 43-45℃ so that the intraperitoneal 
fluid is maintained at 41-43℃. The one-use circuit tubing 
is commercially available from the HIPEC machine 
companies or from the cardioplegia industry, and most of  
them incorporate a reservoir, useful when the chemotherapy 
solution needs to be quickly extracted from the abdomen 
for any complication or in cases where the perfusate volume 
calculated cannot be fully accommodated by the peritoneal 
cavity capacity. The perfusate is first recirculated between 
the reservoir and the heat exchanger so that it can be heated 
to an adequate temperature. At this point, full circulation 
of  the perfusate in and out of  the peritoneal cavity is 
established until a minimum intraperitoneal temperature of  
41.5℃ is achieved and maintained. The drug is then added 
to the circuit and the timer for the perfusion is started. 
In the bidirectional chemotherapy protocols (sometimes 
referred to as “HIPEC-plus”), the intravenous infusion of  
the appropriate drugs is started at this time point as well, 
although some authors advocate doing it 1 h before the 
initiation of  HIPEC.

The main benefit of  the Coliseum technique is that 
heated chemotherapy is adequately distributed throughout 
the abdominal cavity and there is no pooling of  temperature 
or chemotherapy. One disadvantage of  the open tech­
nique is heat dissipation that makes it more difficult to 
initially achieve a hyperthermic state. Another possible 
disadvantage is the increased exposure of  operating room 
personnel to chemotherapy. As the surgeon is manipulating 
chemotherapy throughout the perfusion, an increased 
potential for contact exposure exists. Furthermore, 
because the abdomen is open during the perfusion, heated 
chemotherapy could give way to aerosol formation, creating 
a risk of  inhalation exposure. Stuart et al[29] evaluated the 
safety of  operating room personnel during the Coliseum 
technique. Urine from members of  the operating team 
was assayed for chemotherapy levels. Air below and above 
the plastic sheet was also analyzed. Finally, sterile gloves 
commonly used in the operating room were examined for 
permeability to chemotherapy. All assessments of  potential 
exposures were found to be negative and in compliance 
with established safety standards.

Side effects from HIPEC appear to be principally 
related to the magnitude of  the surgery[5]. The open 
technique has theoretical advantages over the closed 
technique due to improved distribution of  heated 
chemotherapy; however, it has not been definitively proven 
in a randomized controlled trial.

A variation of  the open technique described and 
mainly used in Japan uses a device called “peritoneal 

cavity expander” (PCE). The PCE is an acrylic cylinder 
containing in-flow and out-flow catheters that is secured 
over the wound. When filled with heated perfusate, the 
PCE can accommodate the small bowel, allowing it to 
float freely and be manually manipulated in the perfusate. 
After HIPEC is completed, the perfusate is drained and 
the PCE is removed. By using the expander, a more 
uniform distribution is theoretically achieved compared 
to a closed technique. The main disadvantage of  the PCE 
technique is the risk of  exposure to chemotherapy of  the 
operating room personnel as in Coliseum technique[30]. 
Fujimura et al[30] reported about PCE-HIPEC use in 
carcinomatosis from various malignancies with good 
results. Yonemura et al[31] reported the use of  the PCE-
HIPEC technique for prophylaxis against recurrence of  
gastric cancer following resection with 5-year survival of  
55% but only a 30% in surgery-only controls. Although 
there are no studies directly comparing PCE to the 
coliseum technique or closed technique, the reported 
results appear to be similar.

In the closed technique catheters and temperature 
probes are placed in the same fashion but the laparotomy 
skin edges are sutured watertight so that perfusion is done 
in a closed circuit. The abdominal wall is manually agitated 
during the perfusion period in an attempt to promote 
uniform heat distribution. A larger volume of  perfusate 
is generally needed to establish the circuit compared with 
the open technique and a higher abdominal pressure 
is achieved during the perfusion, which may facilitate 
drug tissue penetration. After perfusion, the abdomen 
is reopened and the perfusate is evacuated. Appropriate 
anastomoses are performed and the abdomen is closed in 
the standard fashion. 

A major advantage of  the closed technique is the 
ability to rapidly achieve and maintain hyperthermia as 
there is minimal heat loss. In addition, there is minimal 
contact or aerosolized exposure of  the operating room 
staff  to the chemotherapy. The only way for exposure is 
leakage through the surgical wound or catheter wounds. 
The main disadvantage is the lack of  uniform distribution 
of  the chemotherapy. When methylene blue was instilled 
using closed technique, uneven distribution was observed. 
Uneven distribution of  HIPEC is problematic, because 
hyperthermia has a narrow therapeutic index. Tumoricidal 
activity is manifested at 41-43℃; therefore in-flow 
temperature usually exceeds 45℃[32]. Rats exposed to 
intraperitoneal temperatures of  45℃ suffered significant 
morbidity and mortality[33]. Therefore, inadequate circulation 
of  heated perfusate leads to pooling and accumulation 
of  heat and chemotherapy in dependent parts of  the 
abdomen. This may result in increased systemic absorption 
and foci of  hyperthermic injury that could contribute 
to postoperative ileus, bowel perforation, and fistula. 
On the other hand, certain intraabdominal areas will be 
undertreated. Cytoreduction and HIPEC closed technique 
can be performed safely as it has been reported in different 
centers[34,35]. Morbidity associated with this procedure 
includes myelosuppression, ileus, and fistula, as in the 
open technique. Heterogeneous distribution inside the 
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closed abdomen may increase the rate of  intra-abdominal 
complications.

In the last few years, increased interest in HIPEC 
has led to the commercial development of  hyperthermic 
intraperitoneal perfusion systems. These are compact 
devices that contain roller pumps, a heating device, a heat 
exchanger and temperature monitors in a single apparatus. 
A computer integrates and displays information from 
the temperature probes, inflow and outflow rates. Several 
options are commercially available at this time. 

The role of  the anesthesiologist is crucial during 
HIPEC, as it is during the whole complex cytoreductive 
procedure. Specific training is desirable. During the 
whole lengthy surgical procedure knowledgeable fluid 
management needs to be carried out, keeping a balance 
between the use of  crystalloids and colloids to achieve 
adequate central venous pressures and urine output 
without incurring in fluid overload. The latter is a common 
undesirable side effect observed after this surgery with 
consequences that range from acute pulmonary edema to 
cerebral edema when anesthesiologists not familiarized 
with this procedure are assigned to these cases. A minimal 
urine output of  100 cc (desirable 150 cc) every 15 min 
during the administration of  HIPEC is mandatory to 
avoid renal toxicity derived from the cytotoxic drug 
employed. The utilization of  a low-dose dopamine 
perfusion is a common measure to achieve this goal. 
Central temperature is monitored by an esophageal probe 
and may be expected to rise up to 39℃ or more; different 
cooling measures need to be implemented at this time to 
avoid sustained central hyperthermia starting by turning 
off  the air heating blankets and moving to the intravenous 
administration of  cold crystalloids or placement of  ice 
packs around the head and neck of  the patient.

HIPEC DRUG REGIMENS
Different drug regimens have been employed over the 
years for HIPEC. Drug choice primarily depends on 
its known activity against the disease being treated and 
its suitability for intraoperative administration with 
hyperthermia (cycle-non-specific method of  action, heat-
synergized cytotoxicity, non-vesicant). Single drug and 
drug combination regimens are currently in use. Although 
different carrier solutions with varying chemical properties 
have been investigated[36], 1.5% dextrose isotonic peritoneal  
dialysis solution is the most widely employed. Some 
groups use regular crystalloids (normal saline or 5% 
dextrose in water). Heavy molecular weight starch (6% 
Hetastarch®) is regularly employed as carrier solution for 
paclitaxel[37].

An important issue regarding toxicity of  HIPEC has 
to do with dosaging. Both the drug dose and the carrier 
solution volume should be calculated based on body 
surface area, so that toxicity can be predictable. Perfusate 
volumes commonly used may be 1.5 L/m2[26] or 2 L/m2[27]. 
HIPEC regimens using fixed doses (same dose for any 
patient), drug dosaging by liter of  perfusate or by body 
weight are more prone to find untoward events secondary 

to unnoticed overdosing of  the cytotoxic drug employed. 
A 33% dose-reduction is recommended for patients over 
the age of  60, previously exposed to multiple lines of  
systemic chemotherapy, who needed GM-CSF rescue 
for febrile neutropenia while on systemic chemotherapy 
or who have received radiation therapy to bone-marrow 
bearing regions.

Perioperative intraperitoneal chemotherapy regimens 
that employ early postoperative intraperitoneal chemo­
therapy (EPIC) use moderate drug doses for HIPEC, while 
those that do not employ EPIC use much higher doses 
for HIPEC. In the last few years, bidirectional HIPEC 
regimens (concurrent administration of  intraperitoneal 
and intravenous chemotherapy) have gained ground. Elias 
was first to use intravenous 5-FU and folinic acid prior to 
HIPEC with oxaliplatin due to the instability of  the mix 
of  both drugs[26]. Sugarbaker would later demonstrate that 
after the intravenous administration of  5-FU in a patient 
under general anesthesia in an intraperitoneal hyperthermic 
environment, the drug unexpectedly accumulates in the 
peritoneal cavity, a true heat-targeting phenomenon[11]. 
Table 1 lists commonly-used HIPEC regimens.

GUIDELINES FOR SAFE ADMINISTRATION 
OF HIPEC
Finally, safety measures in the operating room where 
HIPEC is to be administered cannot be overemphasized. 
Although chemotherapy is diluted in the carrier solution 
and the adverse effects of  continuous exposure to low 
doses of  cytotoxic drugs remain unknown, a breach in 
operating room safety that may unnecessarily expose the 
staff  to hazardous drugs can destroy a HIPEC treatment 
program. Certain general safety measures must be in 
effect every tine HIPEC is used in the operating room[38]: 
(1) At the beginning of  the operation the surgical field 
should be arranged with impervious, disposable sheets 
and drapes, avoiding the use of  any non-disposable 
fabric cloth; (2) After cytoreduction, all staff  not directly 
involved in the administration of  HIPEC should leave 
the operating room during the administration of  the 
treatment and staff  circulation in and out of  the room 
should be kept to a minimum; (3) Signs warning that 
HIPEC is in progress must be placed at the entrance 
of  the dedicated surgical area; (4) Absorbent towels 
with impervious back are placed on the floor and all 
around the surgical table for possible spills; (5) Rigid 
containers, leak proof  for biologically hazardous material 
and properly labeled with “cytotoxic agents” labels, are 
placed in the operating room. They should not be more 
than half  full. Chemotherapy contaminated material 
should be handled as little as possible and with minimal 
agitation to prevent dissemination into the environment; 
(6) Protective barrier garments should be worn for all 
procedures involving preparation, use and disposal of  
cytotoxic drugs. In the operating room, during HIPEC, all 
personnel should wear protective disposable impervious 
gowns and shoe covers, non-permeable powderless latex 
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gloves worn as double gloves and eye wear for possible 
droplet protection. Potentially contaminated garments 
must not be worn outside the work area; (7) Universal 
Precautions for handling biological hazardous materials 
are implemented and monitored continuously. Any body 
fluid, blood sample, tissue specimen, laparotomy pads, 
drapes, gowns or plastic tubing must be handled as 
biological hazardous material. Body fluids are considered 
contaminated for 48 h after the last administration of  
chemotherapy. Labels saying “cytotoxic agent” should be 
used to mark every sample, specimen, or contaminated 
trash; (8) Latex powder-free gloves are recommended 
for all procedures involving cytotoxic drugs. They 
should be non-permeable and worn as double gloves 
for direct contact with chemotherapy. In a comparative 
study, BiogelTM gloves were found to have the lowest 
permeability to chemotherapy[29]. Gloves should be 
routinely changed approximately every 30 min when 
working steadily with cytotoxic agents. Gloves should 
be changed immediately after overt contamination. 
Double gloving is recommended for cleaning up of  spills. 
Surgeons in direct contact with chemotherapy should 
wear the outer glove up to the elbow (Figure 1) ; (9) High 
power filtration mask (FFP-3) tightly fit to the face (high 

filtration of  sub-micron particles) may be recommended 
at some centers; (10) A smoke evacuator should be 
working continuously under the plastic sheet during the 
perfusion; (11) Every effort should be done to avoid 
any spill, but if  it happens, the circulating nurse should 
contain and clean it up immediately. If  direct contact with 
a cytotoxic agent occurs, contaminated clothing should be 
removed immediately and discarded in a hazardous waste 
container. Affected skin should be washed immediately 
with mild, additive-free soap with no dyes or perfumes 
that may interact with the cytotoxic agent. If  the affected 
area is the eye, it should be flooded immediately with 
water or isotonic saline for 5 min. The staff  member 
should then report the incident to the occupational health 
office. The area should be washed three times with water 
and neutral soap. Then, the area can be cleaned in the 
routine manner. To clean up a small spill, the personnel 
should wear the whole protective barrier garments already 
described. A large spill is defined as a drop of  more than 
5 g or 5 mL of  pure drug. Personnel containing the spill 
should wear a respirator mask and standard protective 
clothing. They should take care to avoid creating aerosols 
when cleaning large spills; (12) During HIPEC and EPIC, 
chemotherapy is always diluted, never pure, and doses 
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Table 1  Common HIPEC regimens currently in use

Center/Country HIPEC drug (s) and doses HIPEC duration 
(min)

Concomitant intravenous 
chemotherapy

EPIC Indication

Washington hospital center/
Washington, DC (USA)

Mitomycin C, 15 mg/m2

Doxorubicin, 15 mg/m2
90 5-FU, 400 mg/m2

LV, 20 mg/m2
5-FU
4 d

Appendiceal, and 
colorectal carcinomatosis

Washington hospital center/
Washington, DC (USA)

Cisplatin, 50 mg/m2

Doxorubicin, 15 mg/m2
90 5-FU, 400 mg/m2

LV, 20 mg/m2
Taxol

4 d
Gastric cancer, peritoneal 

mesothelioma, ovarian 
cancer 

Washington hospital center/
Washington, DC (USA)

Oxaliplatin, 130 mg/m2 60 5-FU, 400 mg/m2

LV, 20 mg/m2
5-FU
4 d

Appendiceal, and 
colorectal carcinomatosis

Washington hospital center/
Washington, DC (USA)

Melphalan, 50-70 mg/m2 60 No No Carcinomatosis with 
incomplete cytoreduction

Gustave roussy institute/
Villejuif (France)

Oxaliplatin, 460 mg/m2 30 5-FU, 400 mg/m2

LV, 20 mg/m2
No Colorectal carcinomatosis

National cancer institute/
Amsterdam (Netherlands) 

Mitomycin C, 35 mg/m2 90 No No Appendiceal, and 
colorectal carcinomatosis

National cancer institute/
Milan (Italy) 

Cisplatin, 43 mg/L
Doxorubicin ,15.25 mg/L

90 No No Peritoneal mesothelioma, 
advanced ovarian cancer

National cancer institute/
Milan (Italy) 

Mitomycin C, 3.3mg/m2/L
Cisplatin, 25 mg/m2/L

90 No No Appendiceal, and 
colorectal carcinomatosis; 
advanced ovarian cancer; 
peritoneal mesothelioma

Centre hospitalo-universitaire
lyon-sud/Lyon (France)

Mitomycin C, 
10 mg/mL of perfusate

90 No No Appendiceal, gastric and 
colorectal carcinomatosis

Centre hospitalo-universitaire
lyon-sud/Lyon (France)

Mitomycin C, 0.5 mg/kg
Cisplatin 0.7 mg/kg

90 No No Peritoneal mesothelioma

Centre hospitalo-universitaire
lyon-sud/Lyon (France)

Cisplatin, 20 mg/m2/L 90 No No Recurrent and 
chemoresistant stage Ⅲ 

ovarian cancer
National cancer institute/
Bethesda, MD (USA)

Cisplatin, 250 mg/m2 90 No 5-FU + Taxol 
1 d

Peritoneal mesothelioma

L: liter of perfusate; HIPEC: Hyperthermic intraperitoneal chemotherapy;  EPIC: Early postoperative intraperitoneal chemotherapy. 
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of  drugs are in micrograms, so that it is not possible to 
have a major spill; (13) Cleaning the operating room after 
HIPEC: personnel should wear the standard protective 
clothing described. Bactericidal cleaning solutions should 
not be used to wash contaminated area because they may 
react with the cytotoxic agents and do not inactivate them. 
Water with neutral soap is adequate to clean the operating 
room after HIPEC three consecutive times. Seventy 
percent isopropyl alcohol is also safe and effective; and (14) 
Instrument trays are labeled with “cytotoxic agent”. They 
should be washed three times with water and pure soap 
before leaving the working area. 
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Abstract
Diffuse malignant peritoneal mesothelioma (DMPM) 
is an uncommon and rapidly fatal tumor. Therapeutic 
options have traditionally been limited and ineffective. 
The biologic and molecular events correlated with poor 
responsiveness to therapy are still poorly understood. 
In recent years, an innovative treatment approach 
involving aggressive cytoreductive surgery (CRS) and 
perioperative intraperitoneal chemotherapy has report-
edly resulted in improved outcome, as compared to 
historical controls. Since 1995, at the National Cancer 
Institute (NCI) of Milan (Italy), patients with DMPM 
have been treated with CRS and hyperthermic intra-
peritoneal chemotherapy (HIPEC). In the present 
paper, clinical experiences and basic science inves-
tigations on DMPM at Milan NCI are reviewed. Peri-
operative and long-term outcome results with CRS and 
HIPEC are presented. Clinico-pathological prognostic 

factors were investigated by multivariate analysis. The 
pathologic features and immunohistochemical markers 
related to DMPM biologic behavior were assessed in a 
large case-series uniformly treated at our institution. 
The prevalence and prognostic role of telomere main-
tenance mechanisms, which account for the limitless 
cell replicative potential of many malignancies, were 
studied. The dysregulation of the apoptotic pathways 
may play a role in the relative chemo-resistance of 
DMPM and a better understanding of apoptosis-related 
mechanisms could result in novel targeted therapeutic 
strategies. On this basis, the expression of survivin and 
other IAP family members (IAP-1, IAP-2, and X-IAP), 
the pro-apoptotic protein Smac/DIABLO, and antigens 
associated with cell proliferation (Ki-67) and apopto-
sis (caspase-cleaved cytokeratin-18) were analyzed. 
Finally, analyses of EGFR , PDGFRA and PDGFRB were 
performed to ascertain if deregulation of RTK could of-
fer useful alternative therapeutic targets.
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INTRODUCTION
Malignant mesothelioma is an uncommon tumor aris-
ing from the serosal layer of  pleura, peritoneum, peri-
cardium and tunica vaginalis testis[1]. The incidence of  
the disease has been rising worldwide since 1970, due 
to widespread exposure to asbestos during previous de-
cades, and it is not expected to peak before the next 20 
years[2]. In the United States, approximately 2500 new 
cases of  mesothelioma are registered each year. Diffuse 
malignant peritoneal mesothelioma (DMPM) accounts 
for 10% to 30% of  all mesotheliomas[3].

In historical case-series, standard therapy with pallia-
tive surgery and systemic or intraperitoneal chemother-
apy is associated with a median survival of  about one 
year, ranging from 9 to 15 mo[4-6]. However, the disease 
tends to remain within the abdominal cavity throughout 
its clinical course and an autopsy study demonstrated 
that 78% of  patients had died because of  complications 
directly related to local-regional progression[7].

In recent years, this has prompted a few specialized 
centers to develop an innovative local-regional treatment 
approach. It involves cytoreductive surgery (CRS) with 
peritonectomy procedures and multivisceral resections to 
remove the entire visible tumour. Microscopic residual 
disease is treated by perioperative intraperitoneal chemo-
therapy. This comprehensive strategy has reportedly re-
sulted in a median survival of  34-92 mo, which strongly 
suggests improved outcome as compared to historical 
controls[8-14].

At the National Cancer Institute (NCI) of  Milan 
(Italy), the first combined procedure of  CRS and hyper-
thermic intra-peritoneal chemotherapy (HIPEC) was 
performed in February 1995 in a patient with peritoneal 
carcinomatosis from ovarian cancer. In August 1995, the 
first patient with peritoneal mesothelioma, which was 
the tenth of  the overall series, was treated. The present 
paper reviews our institutional experience with a special 
focus on clinical results, pathological studies and basic 
science investigations.

DIAGNOSIS OF PERITONEAL 
MESOTHELIOMA
The histologic features of  malignant peritoneal meso
thelioma are sub-divided into epithelial, sarcomatoid, and 
biphasic tumors. Clinical and pathological diagnosis of  
mesotheliomas can be very difficult. The morphology of  
the neoplasm is extremely variable and is a major basis 
for diagnostic dilemma[15]. Malignant mesotheliomas are 
difficult to distinguish from benign reactive lesions of  
the pleura as well as from metastatic adenocarcinomas. 
Immunohistochemical studies represent a very important 
diagnosis aid. At present, however, an absolutely specific 
marker for mesothelioma has not yet been recognized and 
the immunohistochemical diagnosis of  this tumor largely 
depends on the use of  panels of  markers that combine 
positive [thrombomodulin (CD141), calretinin, keratin 
5/6, D2-40, podoplanin, mesothelin, and Wilms tumor 1 

protein (WT1)] with negative markers (carcinoembryonic 
antigen, MOC-31, B72.3, and Ber-EP4) most commonly 
present in carcinoma[16]. Thyroid transcription factor 
1 (TTF-1) can assist in determining origin from lung 
carcinoma, CDX-2 origin from colon carcinoma, CK 
7 and Claudin 4 origin from ovarian carcinoma. Renal 
cell carcinoma marker (RCC Ma) may be helpful in 
establishing renal origin. Claudin 4 is a transmembrane 
protein component of  tight junctions, responsible for 
cell adhesion. Claudin 4 identifies a wide spectrum of  
epithelial neoplasms and represents a very useful marker 
for carcinoma vs mesothelioma diagnosis in pleural and 
peritoneal biopsies and effusions. D2-40 is a commercially 
available monoclonal antibody that reacts with a 40 kDa 
antigen in fetal germ cells and germ cell tumors. Since 
the antibody reacts with epithelial mesotheliomas, but not 
with carcinomas, it could be very helpful in discriminating 
between these malignancies. Podoplanin is an approximately 
38 kDa membrane mucoprotein originally detected on the 
surface of  rat glomerular epithelial cells (podocytes) that 
is specifically expressed in the endothelium of  lymphatic 
capillaries but not in the blood vasculature. Podoplanin, 
like D2-40, is expressed in mesotheliomas but not in 
adenocarcinomas. Calretinin is an intracellular calcium-
binding protein belonging to the troponin C superfamily. 
At present, calretinin is regarded as being the most sensitive 
and one of  the most specific mesothelioma markers. 
Calretinin is frequently expressed in both histologic types 
of  mesothelioma, i.e. epithelial and sarcomatoid.

WT1 was first described in 1990 as a tumour suppress­
or gene associated with Wilms tumour (nephroblastoma). 
It encodes a typical transcription factor with four C2-H2 
zinc fingers in the C-terminus that is expressed in 
mesotheliomas but not in adenocarcinomas. Because of  
its high sensitivity and absolute specificity, WT1 is one 
of  the best positive markers for discriminating between 
metastatic adenocarcinomas and mesotheliomas. The vast 
majority of  cases of  squamous cell carcinoma, basal cell 
carcinoma, thymoma, salivary gland tumor, and biphasic 
malignant mesothelioma were positive for CK 5/6. CK 5/6 
has been used to distinguish malignant mesothelioma from 
adenocarcinoma of  the lung. Thrombomodulin (CD141) 
is a glycoprotein of  molecular weight 75 000 kD that is 
normally present in restricted numbers of  cells, including 
endothelial and mesothelial cells, and was the first of  the 
positive mesothelioma markers that proved useful in the 
diagnosis of  this tumor. 

TREATMENT PROTOCOL
Cytoreductive surgical procedures are performed with 
the aim of  removing all the peritoneal tumor deposits 
according to the technique described by Sugarbaker[17].

In the first 11 patients, HIPEC was administered 
with cisplatin (25 mg/L of  perfusate/m2) and mitomy-
cin-C (3.3 mg/L of  perfusate/m2) for 60 min.

From June 1997 to December 1999, patients 
with DMPM were included in a multi-institutional 
phase Ⅰ study testing the combination of  cisplatin and 
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doxorubicin in the local-regional setting[18]. Doxorubicin 
was chosen due to its clinical activity against mesothelio-
ma (as well as ovarian carcinoma and soft-tissue sarcoma), 
its favourable plasma/peritoneal ratio and high molecular 
weight, allowing a more rapid clearance from normal than 
from tumour tissue[19-21]. Doxorubicin activity is also syn-
ergistically enhanced by heat and cisplatin, thus favouring 
its use in a combination regimen under hyperthermic con-
ditions. 

Thirty one patients with liposarcoma (n = 9), leiomy-
osarcoma (n = 6), other soft-tissue sarcomas (n = 4), ovar-
ian carcinoma (n = 6), and malignant mesothelioma (n = 
6) undergoing adequate CRS (residual tumour ≤ 2.5 mm) 
constituted the study population. HIPEC was performed 
for 90 min at a mean intraperitoneal temperature of  
42.5℃. The drugs were administered to triplets of  patients 
in escalating doses, starting with 5 and 20 mg/L of  per-
fusate for doxorubicin and cisplatin, respectively. The dose 
was increased by 25% for each subsequent triplet. Accrual 
was stopped when grade Ⅳ loco-regional toxicity was ob-
served in one patient. The maximal tolerated dose (MTD) 
was considered to be that of  the previous triplet and was 
confirmed after three more patients had been treated un-
eventfully with the putative MTD.

One patient treated with 19 mg/L of  doxorubicin 
and 43 mg/L of  cisplatin experienced Grade Ⅳ loco-
regional toxicity (persistent ileus) and required reop-
eration. To confirm that MTD had been reached, we 
treated three more patients with the previous triplet drug 
dosages. Because no significant loco-regional toxicity 
was observed, MTD was established at 15.25 mg/L of  
doxorubicin and 43 mg/L of  cisplatin.

The results of  the pharmacokinetic studies are illus-
trated in Figure 1, which clearly shows how similar per-
fusate concentrations of  doxorubicin and cisplatin gave 
very different plasma concentrations, with doxorubicin 
levels being roughly 50-fold lower.

CLINICAL RESULTS
The clinical results from the Milan NCI were published 

in a preliminary report of  the first 20 cases[22], a clinico
pathological study[23], an extensive prognostic analysis of  
potential clinical, pathological and biological variables[24], 
and an assessment of  the pattern of  failure[25].

Forty-nine patients with DMPM were enrolled to test 
the association between potential prognostic variables 
and survival by multivariate statistical analysi[24]. Patients 
with low malignant variants (multicystic and papillary 
well-differentiated mesothelioma) were excluded. The 
mean age was 52 years (range 22-74 years). Twenty-
six patients had preoperative systemic chemotherapy. 
Forty-three patients were diagnosed with epithelial and 
6 patients with biphasic DMPM; 43 patients underwent 
complete cytoreduction (residual tumor ≤ 2.5 mm) and 
6 patients underwent grossly incomplete cytoreduction.

At a mean follow-up of  20.3 mo (range 1-89 mo), the 
5-year overall survival (OS) and progression-free survival 
(PFS) were 57% and 31%, respectively. The median PFS 
and OS were 39.7 mo and not reached, respectively. 
There were no treatment-related deaths. Grade 3-4 (NCI 
CTCAE v.3) surgical complications occurred in eight cases 
(15%) and grade 3-4 toxicities in six cases (12%). 

Potential prognostic variables with P values < 0.20 
at univariate analysis (log-rank test), were included in the 
Cox proportional hazard model (Table 1). The backward-
elimination method identified the completeness of  
cytoreduction and mitotic count (MC) > 5/50 HPF as 
independent predictors of  OS, performance status and 
MC correlated to PFS. 

The estimated hazard rate for patients with grossly 
incomplete cytoreduction was eight times higher than for 
those with optimal cytoreduction, after adjustment for 
other variables. This is in agreement with experimental 
evidence that intraperitoneal chemotherapy cannot 
penetrate tumour tissue deeper than a few millimeters. 
Thus, the volume of  residual disease is one the major 
factors limiting the effectiveness of  loco-regional ther
apy[8-14]. The second variable that remained in the Cox 
model as a factor influencing OS was MC. Patients with 
MC > 5/50 HPF presented a hazard rate 10 times higher, 
as compared with those with lower MC. Available data are 
conflicting: patients with high MC have been associated 
with poor prognosis[14], although other authors did not 
reach the same conclusion[26].

The preoperative clinical conditions have been shown 
to be a prognostic factor in pleural mesothelioma[1,2]. In 
the present series, the independent association between 
MC and PFS emerged after the multivariate analysis even 
in the absence of  significant correlation by univariate 
analysis. However, the performance status did not 
correlate with OS. This could be explained by the small 
number of  deaths and the fact that 89% of  patients had a 
good performance status.

Despite encouraging survival results, approximately 
40%-60% of  patients developed disease progression and 
died of  DMPM following comprehensive treatment[8-14]. 
However, data on patients who failed to respond to 
initial treatment are lacking and optimal management of  
recurrent DMPM has never been defined. Therefore, we 
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Figure 1  Time courses of the mean concentrations of doxorubicin and 
cisplatin in perfusate and plasma. Solid lines obtained by nonlinear least 
squares regression analyses of data. Open symbols: Doxorubicin (DXR); Filled 
symbols: Cisplatin (CDDP).
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analysed the patterns of  failure to understand how and 
possibly why combined treatment failed and to identify 
the modifications that might improve clinical results in a 
subset of  38 patients who developed disease progression 
following CRS and HIPEC[25].

Initial treatment consisted of  adequate cytoreduc-
tion with residual tumour ≤ 2.5 mm and HIPEC in 28 
patients and grossly incomplete CRS in 10 patients. De-
tailed information regarding progressive disease distribu-
tion was prospectively collected by CT scan (n = 26) or 
both CT-scan and laparatomy (n = 12).

Median time-to-progression was 9 mo. In the indi-
vidual patients, the pattern of  failure was categorized as 
liver metastases (n = 1), involvement of  celiac (n = 1) 
and retroperitoneal (n = 1) lymph-nodes, isolated seed-
ing of  the basal pleura (n = 2) and involvement of  both 
abdominal and pleural cavity (n = 2). In the remaining 31 
patients (81.6%), only peritoneal progression was noted: 
the small bowel and its mesentery were involved in 13 
patients, intra-abdominal sites exclusive of  small bowel 
in 4 patients, and both the small bowel and additional 
intra-abdominal sites in 14 patients. Overall, small bowel 
was involved in 27 patients (71.1%).

In 28 patients undergoing complete CRS, potential 
factors determining disease progression were statisti-
cally assessed in 13 distinct abdominopelvic regions. At 
multivariate analysis, only residual tumour up to 2.5 mm 
vs macroscopically complete CRS correlated to disease 
progression in the epigastric region, upper jejunum, lower 
jejunum and upper ileum. Taken together, these data 
strongly suggest that failure to remove the entire visible 
tumor in critical areas where cytoreductive surgery is tech-
nically difficult may be the leading cause of  treatment fail-
ure. Therefore, maximal surgical efforts aiming at leaving 
behind no residual disease are an absolute requirement.

Progressive disease was treated with second HIPEC 
(n = 3), debulking (n = 4), systemic chemotherapy (n = 
16), and supportive care (n = 15). Median survival from 
progression was 8 mo. At multivariate analysis, time-
to-progression < 9 mo, poor performance status, and 

supportive care correlated with reduced survival from 
progression. Furthermore, operative treatment (i.e. cy-
toreduction or cytoreduction with HIPEC) showed a 
trend toward better outcomes, compared with systemic 
chemotherapy. Since treatment was determined accord-
ing to patient conditions and disease extent, the different 
treatment modalities cannot be compared. Nevertheless, 
encouraging results were obtained with repeated cytore-
duction and HIPEC, making aggressive treatment of  
progressive disease an attractive option.

MULTICYSTIC AND WELL-
DIFFERENTIATED PAPILLARY 
PERITONEAL MESOTHELIOMA (WDPPM)
Multicystic peritoneal mesothelioma (MPM) and WDPPM 
are exceedingly uncommon lesions with uncertain ma-
lignant potential and no uniform treatment strategy[26,27]. 
From the beginning of  our peritoneal malignancies treat-
ment program, MPM and WDPPM were included among 
the indications to cytoreduction and HIPEC, owing to 
their known potential to relapse and to evolve into aggres-
sive malignant tumours[28].

Twelve female patients (4 with MPM and 8 with 
WDPPM) underwent 13 combined procedures at the 
NCI of  Milan. Seven patients had recurrent disease after 
previous debulking (1 operation in 5 patients, 2 in 1 pa-
tient, 4 in 1 patient). Due to their perceived low aggres-
siveness, small tumour deposits on visceral peritoneum 
were preferably removed by electrosurgical dissection 
and organ resections were performed only if  massive 
disease involvement precluded a conservative approach. 
Accordingly, uteri and ovaries were spared in four re-
productive age women and to date no recurrence has 
involved the pelvis. Optimal cytoreduction with no or 
minimal (≤ 2.5 mm) residual disease was accomplished 
in 12 of  13 procedures (92.3%).

After a median follow-up of  27 mo (range 6-94 mo), 
postoperative disease progression occurred in two pa-
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Variable Overall survival Progression-free survival

Univariate Multivariate Univariate Multivariate

P  value HR (95% CI) P  value P  value HR (95% CI) P  value 

Sex 0.22   0.27   
Age (< 52 yr vs ≥ 52 yr) 0.93   0.49   
Performance status (0 vs 1, 2, or 3) 0.43   0.05 0.29 (0.1-0.8) 0.02
Previous surgical score (0 vs ≥ 1) 0.78   0.11   
Previous systemic CT 0.59   0.57   
PCI (≥ 28 vs < 28) 0.12   0.10   
Completeness of cytoreduction (0/1 vs 2/3)a 0.01 8.6 (2.1-36.2) 0.00 0.08   
IPHP drug schedule (CDDP + DX vs CDDP + MMC) 0.36   0.98   
Histological subtype (epithelioid vs biphasic) 0.09   0.07   
Mitotic count(< 5 vs ≥ 5) 0.01 10.5 (1.9-55.2) 0.01 0.19 3.1 (1.1-8.8) 0.03
Nuclear grade (high vs low) 0.02   0.10   

Table 1  Clinicopathologic variables with prognostic significance according to univariate (log-rank) and multivariate (Cox 
proportional hazard model) analyses

a0/1, minimal residual disease or residual tumor < 2.5 mm; 2/3, residual tumor ≥ 2.5 mm. CI: Confidence interval; PCI: Peritoneal Cancer Index; IPHP: 
Intraperitoneal hyperthermic perfusion; CDDP: Cisplatin; DX: Doxorubicin; MMC: Mitomycin C; HPF: High-power field. 
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tients and tumour-related death in one. The first patient 
underwent the procedure twice due to loco-regional 
MPM recurrence and is presently disease-free. Transition 
of  typical WDPPM to malignant biphasic mesothelioma 
was documented in the second patient who died of  
disease progression following incomplete cytoreduction 
and HIPEC. Projected 5-year overall and progression-
free survival were 90.0% and 79.7%, respectively. The 
projected progression-free survival after 11 debulking 
operations carried out in seven patients before referral 
to our center was 9.1% (SE = 6.1); the difference was 
statistically significant (P = 0 .0156).

Based on our findings, definitive tumour eradication by 
means of  peritonectomy procedures and HIPEC is recom-
mended as the optimal treatment to prevent either disease 
recurrence or transition to a truly aggressive tumour[28].

PATHOLOGICAL EVALUATION
The pathologic features of  35 patients with DMPM 
uniformly treated with CRS and HIPEC at the Milan 
NCI were assessed[23]. The hematoxylin and eosin-
stained slides of  all cases were reviewed and tumors were 
classified as epithelial, sarcomatoid, and biphasic (mixed 
epithelial and sarcomatoid)[29]. Nuclear grade (NG) 
was assessed as follows: Grade 1: small nuclei, uniform 
chromatin pattern, and small pinpoint-sized nucleoli; 
Grade 2: larger nuclei, some chromatin irregularity, and 
more prominent nucleoli; and Grade 3: large nuclei, 
irregular chromatin pattern with clearing, and prominent 
nucleoli[30]. Immunohistochemical studies using the 
avidin-biotin-complex immunoperoxidase technique 
were performed with the following antibodies: matrix 
metalloproteinase-2 (MMP-2); MMP-9; calretinin; WT-1; 
carcinoembryonic antigen (CEA); Ber-EP4; p16; and 
epidermal growth factor receptor (EGFR). 

The immunohistochemical results are summarized in 
Table 2. EGFR was diffusely and strongly expressed in a 
membranous pattern in all but 2 cases (94%). Conversely, 
p16 was completely negative in 14 cases (40%) and only 
focally positive in 11 (31%). MMP-2 was expressed in all 
cases in a diffuse and strong fashion, whereas MMP-9 
was expressed in 30 cases but with only variable intensity 
and distribution. Calretinin and WT-1 were expressed in 
all cases to a variable degree. Expression of  polyclonal 
CEA and Ber-EP4 were negative in all cases.

In agreement with previous reports, p16 was absent 

or reduced in most DMPM cases[29]. Alterations of  the 
p16INK4 locus in patients with mesothelioma are rela-
tively common. The recent molecular genetic study of  
45 cases of  primary mesothelioma revealed alterations 
of  p16 in 31% of  cases, promoter methylation in 9%, 
deletion in 22%, and point mutation in 2%[31]. Similar to 
many other cancers, DMPM exhibits altered cell-growth 
regulation involving the loss of  pRb and p53 function. 
Inhibition of  the p53-dependent and pRb-dependent 
growth regulatory pathways may occur through mecha-
nisms involving either homozygous loss of  the CD-
KN2A (p16INK4a/p14ARF) locus at chromosome 9p21 
or expression of  SV40 Tag[32].

In the current study, 63% of  cases demonstrated dif-
fuse and strong immunoreactivity for EGFR, analogously 
to a previous report[33]. EGFR, a receptor tyrosine kinase, 
is reportedly over-expressed in a wide variety of  malig-
nancies. EGFR signaling leads to an increase in cellular 
proliferation, cell motility, angiogenesis, the inhibition of  
apoptosis, and the expression of  extracellular matrix pro-
teins. High levels of  EGFR expression are associated with 
a poor prognosis in some malignancies. 

Asbestos, which is associated with the development 
of  mesothelioma, was reported to stimulate the EGFR 
auto-phosphorylation in mesothelial cells, trigger the 
extracellular-regulated kinase (ERK) cascade, and lead 
to increases in AP-1 activity[34]. In addition, DMPM cell 
lines are reported to express EGFR and transforming 
growth factor-α (TGF-α), suggesting an autocrine role 
for EGFR in DMPM[35]. 

Proteolytic degradation of  the extracellular matrix 
and basement membranes by proteases is a key com-
ponent of  tumour cell invasion and metastasis. Over-
expression of  MMPs, particularly MMP-2 (gelatinase A), 
MMP-9 (gelatinase B), and MMP-11 (stromelysin-3), is 
related to tumor progression and metastasis in various 
malignancies[36,37]. MMP-2 and MMP-9 are key enzymes 
for degrading Type Ⅳ collagen, a major component of  
basement membranes, and are particularly expressed in 
mesenchymal-derived tumor cells[38]. To our knowledge, 
only a few studies have investigated MMP immunohisto-
chemically on surgical specimens of  DMPM[39]. 

BIOLOGIC PROGNOSTIC FACTORS
One of  the hallmarks of  cancer cells is their limitless 
replicative potential[40]. In a high percentage of  tumors, 
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Table 2  Immunohistochemical results

Score No. of patients (n )

Calretinin WT-1 pCEA Ber-Ep4 EGFR p16 MMP-2 MMP-9

0 0 0              35              35   2 14   0 5
+1 0 5 0 0   1 11   2 9
+2 1 6 0 0   3   6   3 8
+3 6 5 0 0   7   2   7 8
+4             28             19 0 0 22   2 23 5

The immunohistochemistry stains were scored as 0 (negative), +1 (< 25%), +2 (25%-50%), +3 (50%-75%), and +4 (75%-100%). pCEA: Pathologic 
carcinoembryonic antigen; EGFR: Epidermal growth factor receptor; MMP: Matrix metalloproteinase.
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the attainment of  immortality is due to the re-activation 
of  telomerase, an RNA-dependent DNA-polymerase 
that stabilizes telomeres and allows tumour cells to 
avoid senescence[41]. Some tumors, however, do not have 
telomerase activity (TA) and maintain their telomeres 
by one or more mechanisms referred to as alternative 
lengthening of  telomeres (ALT)[42]. No information is 
available thus far concerning the presence of  telomere 
maintenance mechanism (TMM) in DMPM[43].

The prevalence and prognostic role of  the two known 
TMM, TA and ALT, were investigated for the first time in 
a series of  patients treated at the Milan NCI. Forty-four 
lesions from 38 patients undergoing CRS and HIPEC (n 
= 29) or debulking surgery (n = 9) were available[44]. TA 
was determined using the telomeric-repeat amplification 
protocol (TRAP) assay[45] and ALT by detecting ALT-
associated promyelocytic leukemia (PML) nuclear bodies 
(APB). APB are sub-nuclear structures containing telo-
meric DNA, telomere-specific binding proteins and pro-
teins involved in DNA recombination and replication[46]. 

Thirty-eight lesions (86.4%) expressed at least one 
TMM. Specifically, 28 lesions (63.6%) were TA+/ALT-, 
8 (18.2%) were TA-/ALT+, and 2 (4.6%) were ALT+/
TA+. The remaining 6 lesions (13.6%) did not express 
any TMM. 

After a median follow-up of  38 mo (range 2-94 mo), 
TA correlated at multivariate analysis to both disease-free 
[TA+ vs TA-: 10% vs 64%; hazard ratio (HR) = 3.30; 95% 
Confidence Interval (CI): 1.23-8.86; P = 0.018] and can-
cer-related survival (TA+ vs TA-: 32% vs 79%; HR = 3.56; 
95% CI: 1.03-12.51; P = 0.045). These results were con-

firmed also for the 29 patients who underwent CRS and 
HIPEC: patients with TA+ tumours had a significantly 
lower probability of  being disease-free than patients with 
TA- tumours (HR = 3.32; 95% CI: 1.09-10.12; P = 0.03), 
and showed a trend toward better overall survival (HR = 
3.69; 95% CI: 0.79-17.13; P = 0.09) (Figure 1). ALT failed 
to significantly affect clinical outcome both in the overall 
series and in the subset of  patients undergoing CRS and 
HIPEC (Figure 2).

MOLECULAR THERAPEUTIC TARGETS
Apoptotic cell death is the main mode by which chemical 
and physical anticancer agents kill tumor cells. Dysregula-
tion of  the apoptotic pathways may play a role in the rela-
tive chemo-resistance of  DMPM, as already demonstrated 
for pleural mesothelioma[47]. Better understanding of  the 
biological mechanisms underlining the apoptosis-resistant 
phenotype could result in novel targeted therapeutic strat-
egies. For this purpose, the expression of  survivin and 
other IAP family members, including IAP-1, IAP-2, and 
X-IAP, were analyzed by immunohistochemistry in surgi-
cal specimens of  32 patients with DMPM uniformly treat-
ed by CRS and HIPEC at the Milan NCI[48]. The staining 
characteristics of  the pro-apoptotic protein Smac/DIAB-
LO, of  the Ki-67 antigen associated with cell proliferation 
and of  the caspase-cleaved cytokeratin 18 associated with 
apoptosis were also studied. 

The results of  the immunostaining studies are shown 
in Table 3. Survivin was expressed in the cytoplasm in 
19 DMPM cases (59%), at the nuclear level in 2 DMPM 
cases (6%) and at both cytoplasmic and nuclear levels in 
5 DMPM cases (16%). In the remaining 6 cases, no sur-
vivin immunoreactivity was seen. IAP-2 and IAP-1 were 
expressed in 100% of  cases. X-IAP was expressed in 
22/32 cases (68.7%) and Smac/DIABLO in 11/32 cases 
(34.4%). The CK18-caspase cleavage product staining was 
positive in a median of  0.45% cells and Ki-67 was positive 
in a median of  10% cells. Caspases are the executioners 
of  apoptosis in both intrinsic and extrinsic pathways[49]. 
The activated caspases are subject to inhibition by IAPs 
through direct binding[50]. This inhibitory effect can be ab-
rogated by Smac/DIABLO, a pro-apototic factor released 
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Figure 2  Representative Western blotting experiments illustrating 
survivin expression in STO cells exposed to oligofectamine alone or 
transfected with control siRNA and survivin siRNA. A: β-actin was used as 
a control for protein loading; B: Densitometric quantification of survivin band 
intensities in oligofectamine-exposed cells (empty column) and cells transfected 
with the control siRNA (gray column) or the survivin siRNA (black column). 
Data represent mean ± SD of 3 independent experiments. aP < 0.02; bP < 0.01; 
Student’s t test; such inhibition was highest (around 80%; P < 0.01) at 48 h and 
72 h after transfection and still appreciable, although to a lesser extent (around 
50%; P < 0.02), at 96 h.

A

B

Table 3  Staining characteristics for IAP family members, 
Smac/DIABLO, apoptotic and proliferation indices in 
peritoneal mesothelioma

Positive cases 
(n )

Median expression 
(range, %)

Survivin, full length1 26     60 (0-100)
Survivin, specific nuclear form   7  1.5 (0-20)
IAP-21 32       90 (30-100)
IAP-1 32       95 (40-100)
X-IAP 22     50 (0-100)
Smac/DIABLO 11     5 (0-90)
Apoptotic index (CK18-caspase 
cleavage product)

- 0.45 (0-5.8)

Proliferation index (Ki-67) -   10 (0-50)

1Cytoplasmic/nuclear subcellular distribution.
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from mitochondria that reactivates initiator and effector 
caspases, by binding to IAPs and relieving IAP-mediated 
inhibition[51].

All 4 IAP family members were simultaneously over-
expressed in 16/32 cases, while a lack of  expression was 
consistently found in normal peritoneum, suggesting 
that these anti-apoptotic proteins are heavily dysregulat-
ed in DMPM. Furthermore, an inverse association was 
found between Smac/DIABLO expression and IAPs 
co-expression. 

Such results provide important insights in DMPM 
biology. Although cell proliferative index (KI-67) was 
mostly low, an antigen associated to apoptosis, such as 
CK-18 caspase cleavage product, was poorly expressed. 
Furthermore, a concurrent over-expression of  apoptosis 
inhibitor factors and poor expression of  pro-apoptotic 
factors was seen in the majority of  cases. This pattern 
suggests that resistance to programmed cell death may 
contribute to the chemo-insensitivity of  DMPM.

In recent years, considerable efforts have been made to 
develop strategies for modulating apoptosis in cancer[52]. 
In this context, approaches to counteract survivin aim to 
inhibit tumor growth and enhance tumor cell responses to 
apoptosis-inducing agents[53]. An RNA-interference-based 
strategy was used to down-regulate survivin expression in 
a human peritoneal mesothelioma cell line (STO) recently 
established in our laboratory[54]. Cells were transfected 
with survivin small interfering RNA (siRNA) or control 
siRNA. The effects of  siRNA-mediated survivin down-
regulation was evaluated by enhanced chemoluminescence 
Western blotting, flow cytometry, fluorescence micros-
copy and at a molecular level.

 Western blotting experiments carried out in cells 
transfected with survivin-specific siRNA showed a 
significant reduction of  survivin, as compared to cells 
transfected with control siRNA (Figure 2). Silencing 
of  the survivin gene resulted in a significant and time-
dependent decline in cell proliferation.

In cells transfected with survivin siRNA, an apoptot-
ic sub-G0/1 peak was observed by flow cytometry and the 
presence of  cells with an apoptotic nuclear morphology 
was assessed by fluorescence microscopy. At a molecular 
level, a significantly increased catalytic activity of  cas-
pase-9 was seen.

A number of  in vitro and in vivo studies indicated that 
survivin down-regulation was able to sensitize human 
tumor cells of  different histologic origin to conventional 
chemotherapeutic drugs with distinct mechanisms of  ac-
tion as well as to ionizing radiation[53,55]. To test whether 
survivin plays a role in the in vitro sensitivity of  DMPM 
cells to anticancer drugs, we examined the effect of  
survivin down‑regulation on the apoptotic response to 
cisplatin and doxorubicin. Exposure to cisplatin and 
doxorubicin induced a dose-dependent increase in the 
percentage of  apoptotic cells, which was significantly 
(P < 0.01 for cisplatin and P < 0.05 for doxorubicin) 
higher in cells exposed to the survivin siRNA than in 
those transfected with control siRNA or treated with 
oligofectamine. A dose-dependent increase in caspase-9 

catalytic activity was also observed.
These findings demonstrate that the level of  survivin 

expression influences the in vitro response of  DMPM 
cells to cisplatin and doxorubicin. This has potential clin-
ical implications since it could provide a rational basis 
for the design of  combined therapies, including survivin 
inhibitors, to improve the responsiveness of  DMPM to 
chemotherapy. However, considering the presence of  
other anti-apoptotic factors, it is likely that approaches 
based on the simultaneous targeting of  different cyto-
protective factors could obtain enhancement of  DMPM 
cell chemo-sensitivity (Figure 3).

Little is known about receptor tyrosine kinase (RTK) 
activation in malignant peritoneal mesotheliomas[33,56]. 
We performed EGFR, PDGFRA and PDGFRB analyses 
to ascertain if  deregulation of  RTK could offer useful 
alternative therapeutic targets in this tumor[57]. 

EGFR, PDGFRA and PDGFRB expression and 
phosphorylation were immunohistochemically and 
biochemically analysed in 15 DMPM cases. The tyrosine 
kinase domain (exons 18-21) of  the EGFR gene were 
automatically sequenced, as well as the extracellular (exon 
10) and juxtamembrane regions (exon 12) and the tyrosine 
kinase domain (exons 14 and 18) of  PDGFRA and 
PDGFRB. The cognate ligand expression was investigated 
by real time PCR. Additionally, we explored the status 
of  RTK downstream pathways through mutational and 
biochemical analysis of  the PI3KCA gene (exons 9 and 
20)/PTEN/AKT, and ERK, along with mTOR and its 
effector S6.

Immunohistochemical and immunoprecipitation/
Western blotting analyses showed EGFR, PDGFRA 
and PDGFRB expression and activation in most of  the 
cases. In particular, EGFR and PDGFRA were more 
frequently phosphorylated than PDGFRB. Autocrine 
loop activation of  these receptors was suggested in all 
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Figure 3  Effects of siRNA-mediated survivin down-regulation on the 
apoptotic response of STO cells to cisplatin and doxorubicin. The 
percentage of cells with an apoptotic morphology with respect to the overall 
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cases by the expression of  the related cognate ligands 
TGF-α, PDGFA and PDGFB, in absence of  receptor 
gain of  function mutations. No PI3KCA mutations were 
found, while all the MPMs showed expression of  PTEN 
and expression/activation of  AKT, ERK, as well as of  
mTOR and S6. These data suggest that EGFR, PDGFRA 
and PDGFRB seem to be promising molecular targets 
for tailored treatments in MPM. Furthermore, strong 
activation of  downstream signalling points out a role of  
mTOR inhibitors or analogous in MPM treatment.
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tained in 15 (50%) out of 30 patients with PC. Thus, a 
significantly high incidence of CC-0 can be obtained in 
patients with a peritoneal cancer index (PCI) ≤ 6. Using 
a multivariate analysis to examine the survival benefit, 
CC-0 and NIPS are identified as significant indicators 
of a good outcome. However, the high morbidity and 
mortality rates associated with peritonectomy and peri-
operative chemotherapy make stringent patient selec-
tion important. The best indications for multidisciplinary 
therapy are localized PC (PCI ≤ 6) from resectable 
gastric cancer that can be completely removed during 
a peritonectomy. NIPS and complete cytoreduction are 
essential treatment modalities for improving the survival 
of patients with PC from gastric cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Peritoneal carcinomatosis (PC) is a stage Ⅳ factor of  
gastric cancer and has been generally associated with a 
grim prognosis[1,2]. No standard treatment for PC has 
been proposed and surgery or chemotherapy alone has 
no beneficial effect on survival.
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Abstract
There is no standard treatment for peritoneal carcino-
matosis (PC) from gastric cancer. A novel multidisci-
plinary treatment combining bidirectional chemotherapy 
[neoadjuvant intraperitoneal-systemic chemotherapy 
protocol (NIPS)], peritonectomy, hyperthermic intraperi-
toneal chemoperfusion (HIPEC) and early postoperative 
intraperitoneal chemotherapy has been developed. In 
this article, we assess the indications, safety and ef-
ficacy of this treatment, review the relevant studies and 
introduce our experiences. The aims of NIPS are stage 
reduction, the eradication of peritoneal free cancer cells, 
and an increased incidence of complete cytoreduction 
(CC-0) for PC. A complete response after NIPS was ob-
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Sugarbaker and Yonemura propose a new multi-
modal treatment called cytoreductive surgery (CRS) plus 
hyperthermic intraperitoneal chemotherapy (HIPEC)[3], 
which utilizes surgery to reduce the visible tumor burden 
and HIPEC to eradicate peritoneal micrometastasis and 
peritoneal free cancer cells (PFCCs). Survival analyses af-
ter CRS plus HIPEC have shown that complete cytore-
duction is associated with an improvement in survival[3].

Neoadjuvant chemotherapy has been proposed as a 
method of  reducing tumor burden before surgery, result-
ing in a higher incidence of  complete cytoreduction[4]. A 
new bidirectional chemotherapy regimen [neoadjuvant 
intraperitoneal-systemic chemotherapy protocol (NIPS)] 
has been developed to reduce the volume and peritoneal 
cancer index of  PC[4]. NIPS attacks PC from both sides 
of  the peritoneum: from the peritoneal cavity and from 
the subperitoneal blood vessels. Accordingly, NIPS is 
known as bidirectional chemotherapy. 

Early postoperative intraperitoneal chemotherapy 
(EPIC) can eradicate residual intraperitoneal cancer cells 
before fibrin can accumulate around residual cancer cells 
on the peritoneal surface. 

In this review, the latest results of  multidisciplinary 
treatment consisting of  bidirectional chemotherapy (NIPS), 
CRS (peritonectomy), HIPEC and EPIC for patients with 
established PC from gastric cancer are considered.

MULTIDISCIPLINARY THERAPY FOR THE 
TREATMENT OF PC FROM GASTRIC 
CANCER
The median survival period of  patients with PC from 
gastric cancer is reportedly 7 mo after diagnosis and 
best-supportive care[2]. There are many reports exam-
ining the use of  systemic chemotherapy but few have 
focused on PC from gastric cancer. Intravenous 5FU 
infusion, alone or in combination with other anticancer 
drugs (FAM[5], FAMTX[6]), has been used in patients 
with advanced gastric cancer. Recently, Ajani[7] reported 
that DCF therapy (a combination chemotherapy using 
docetaxel, CDDP and 5FU) exhibited a significantly bet-
ter survival outcome than CF (CDDP + 5FU) therapy. 
However, these regimens have little effect on the survival 
of  patients with PC. To overcome the limitations of  sys-
temic chemotherapy, a novel combination chemotherapy 
regimen comprised of  CRS and bidirectional chemo-
therapy (NIPS and EPIC) has been proposed[8-10]. 

Recently, a new drug named S-1 has been used for 
the treatment of  PC from gastric cancer in Japan. Posi-
tive results for response and for the improvement of  
survival have been reported after the oral administra-
tion of  S-1. Accordingly, S-1 or S-1 in combination with 
other drugs, such as cisplatinum, paclitaxel, docetaxel 
or irinotecan, has become the standard regimen for the 
treatment of  PC from gastric cancer.

Recently, new multidisciplinary therapies combining 
CRS and perioperative chemotherapy have been report-
ed[4,10]. These therapies consist of  NIPS, CRS, HIPEC and 
EPIC (Figure 1). 

Patients who have been diagnosed with PC based on 
the results of  an exploratory laparotomy, diagnostic lapa-
roscopy or computed tomography are treated with NIPS 
followed by CRS to enable complete cytoreduction. Im-
mediately after CRS, HIPEC is performed for one hour. 
After surgery, EPIC is performed on postoperative days 1 
to 5[11], and systemic chemotherapy is performed on post-
operative days 30-40.

NEOADJUVANT BIDIRECTIONAL 
CHEMOTHERAPY (NIPS)
The aims of  neoadjuvant chemotherapy (NAC) are 
stage reduction, eradication of  micrometastasis outside 
the surgical field, and the improvement of  resectability. 
Usually, systemic chemotherapy is used for NAC. In the 
late 1990s, TS-1, irinotecan, taxanes and docetaxel were 
introduced and the response rate after monotherapy with 
these drugs was around 20%. Combination chemotherapy 
with S-1 and CDDP produced outstanding results, with 
a response rate of  74%[12]. Yabusaki et al[13] reported the 
results of  NAC with S-1 and CDDP in 37 advanced 
gastric cancer patients scheduled to undergo non-curative 
resection. After 2 courses of  treatment, the overall 
response rate was 68%, but the response rate for patients 
with peritoneal dissemination was only 14% (2/14). S-1 
plus CPT-11 and CPT-11 plus CDDP produced a high 
response rate of  42% and a long period of  progression-
free survival, but treatment failure as a result of  toxicity 
was also observed[14].

Ajani[7] reported an excellent response rate (55.7%) 
to systemic DCF therapy combined with docetaxel  
(75 mg/m2 on day 1, q 3 wk), CDDP (75 mg/m2 on day 
1, q 3 wk), and 5FU (750 mg/m2 on days 1 to 5, q 3 wk) 
However, the effects on PC were not described. 

In addition, the one-month mortality rate and the in-
cidence of  grade 3 or 4 toxicity after DCF therapy were 
8% and 60% respectively. Accordingly, a high incidence 
of  postoperative complications can be expected during 
the postoperative period after DCF therapy. 
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Figure 1  Treatment strategy for PC from gastric cancer. PC: Peritoneal 
carcinomatosis; NIPS: Neoadjuvant intraperitoneal-systemic chemotherapy protocol; 
HIPEC: Hyperthermic intraperitoneal chemoperfusion; EPIC: Early postoperative 
intraperitoneal chemotherapy. 



These results indicate that systemic chemotherapies 
have minimal effects on PC[15]. In other words, the peri-
toneal cavity acts as a sanctuary against systemic chemo-
therapy probably because of  the existence of  a blood-
peritoneal barrier consisting of  stromal tissue between 
mesothelial cells and submesothelial blood capillaries[8]. 
This barrier accounts for a total thickness of  90 μm[16]. 
Accordingly, only a small amount of  systemic drugs are 
capable of  penetrating this barrier and passing into the 
peritoneal cavity so a higher percentage of  the adminis-
tered drugs instead moves to the bone marrow and vital 
organs other than the peritoneum, resulting in the devel-
opment of  adverse effects. 

In contrast, IP chemotherapy offers potential thera-
peutic advantages over systemic chemotherapy by gen-
erating high local concentrations of  chemotherapeutic 
drugs in the peritoneal cavity[9,17]. This concentration 
difference enables the exposure of  small nodules of  PC 
before CRS and lowers the systemic toxicity. This advan-
tage of  IP chemotherapy can be expressed by the area 
under the curve (AUC) ratios of  intraperitoneal versus 
plasma exposure. 

Table 1 shows the AUC IP/systemic for various 
drugs[15]. Relatively high AUC/systemic ratios were ob-
tained after the IP administration of  paclitaxel, docetaxel, 
gemcitabine, 5-fluorouracil and doxorubicin. These drugs 
may be good candidates for IP chemotherapy. Other 
important factors in the selection of  drugs for IP chemo-
therapy are a high penetration activity into the PC nodules 
and chemosensitivity. Each drug has its own penetration 
depth into the peritoneal surface and the effective diffu-
sion distance into tissues reportedly ranges from 100 to 
1000 μm[17,18]. Adriamycin can penetrate only 4-6 cell layers 
of  experimental tumors[18], but cisplatin and carboplatin 
were confirmed to penetrate 1 to 2 mm from the surface 
of  PC nodules[17]. The penetration distance depends on 
the specific drug and type of  tumor. Thus, any superiority 
of  intraperitoneal chemotherapy over intravenous delivery 
is limited to those PC patients with very small tumor vol-
umes of  less than 2 mm.  

An in vitro chemosensitivity test using the collagen-gel 
method in human gastric cancer tissues[4] showed that 

the tissues were highly sensitive to 5-FU, carboplatin, 
cisplatin and docetaxel. In an experimental PC model 
using a highly metastatic cell line derived from human 
gastric cancer in the peritoneal cavity, docetaxel, 5-FU, 
carboplatin and TS-1 plus cisplatin were highly effec-
tive for improving the survival of  nude mice[19] and the 
IP administration of  these drugs is expected to become 
standard therapy for gastric cancer patients[10,17,20,21].

 From these experimental results, a new bidirectional 
chemotherapy combined with the oral administration of  
S-1 and IP CDDP and docetaxel has been developed. 
By simultaneously administering intravenous and intra
peritoneal chemotherapy, a bidirectional diffusion gradient  
can create a wider treatment area than single treatment. 
As shown in Figure 2, a peritoneal port system (Hickman 
Subcutaneous port; BARD, Salt Lake City, USA) was 
introduced into the abdominal cavity under local anesthesia, 
and the tip of  the system was placed on the cul-de-sac of  
Douglas. Then, a peritoneal wash cytology was performed 
after 500 mL of  physiological saline was injected into the 
peritoneal cavity. To improve the accuracy of  the cytology, 
an immunohistochemical examination using monoclonal 
antibodies for anti-human carcinoembryonic antigen 
(TAKARA Bio INC., Tokyo, Japan) and anti-human 
epithelial antigen (DAKO, Copenhagen, Denmark) was 
performed. A peritoneal wash cytological examination was 
performed before and after NIPS.

Patients were treated with 60 mg/m2 of  oral S-1 (Taiho 
Pharmaceutical Co., Ltd., Tokyo, Japan) for 21 d, followed 
by a one week rest. On days 1, 8, and 15 after the start 
of  oral S-1 administration, 30 mg/m2 of  Taxotere and 
30 mg/m2 of  cisplatinum with 500 mL of  saline were 
introduced through the port. This regimen was repeated 
after a one week rest[10].

Bidirectional chemotherapy is used before surgery to 
reduce the peritoneal surface involved by PC and to eradi-
cate peritoneal free cancer cells (PFCCs). Accordingly, it 
may facilitate a complete cytoreduction after chemother-
apy. This approach was given the acronym Neoadjuvant 
Intra Peritoneal and Systemic chemotherapy (NIPS)[22]. 
Yonemura et al[10] reported the outcomes of  79 gastric 
cancer patients with PC who were treated with NIPS: 
no chemotherapy-related deaths after NIPS occurred in 
this series. Furthermore, grade 4 bone marrow toxicity 
developed in only 1 (1.3%) of  the 79 patients. Renal dys-
function occurred in 3 patients (3.8%) but these patients 
recovered fully. Accordingly, the new bidirectional chemo-
therapy regimen is considered to be a safe method[10]. 

A distinctive complication of  this treatment is sub
cutaneous infection around the periportal space, which 
was observed in 3 patients (3.8%). When infection 
is detected, the port should be removed under local 
anesthesia. Peritoneal lavage cytology from a port system 
detected PFCCs in 65 (82.2%) of  79 patients before 
NIPS; these positive cytology results became negative in 
41 patients (63.0%) after NIPS[10]. Positive cytology results 
obtained before NIPS became negative in 4 (40.0%) of  10 
patients after one treatment cycle. In contrast, 37 (67.2%) 
of  55 patients with positive cytology results before NIPS 
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Drugs Area under the curve ratio

5-Fluorouracil 250
Carboplatin   10
Cisplatin        7.8
Docetaxel 552
Doxorubicin 230
Etoposide   65
Gemcitabin 500
Irinotecan N/A
Melphalan   93
Mitomycin C      23.5
Mitoxantrone 115-255
Oxaliplatin   16
Paclitaxel                        1000
Pemetrexed      40.8

Table 1  Area under the curve ratios of intraperitoneal 
exposure to systemic agents
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obtained negative cytology results after two or more cycles 
of  NIPS. Accordingly, NIPS is a very powerful treatment 
modality for eradicating PFCCs and two cycles of  NIPS is 
recommended to achieve a negative cytology status.

NIPS reportedly adds to the morbidity and mortal-
ity of  further surgical treatment[23,24]. Table 2 shows the 
surgical methods and the rate of  complete cytoreduction 
in our experience with 30 primary gastric cancer patients 
who had a gastrectomy plus peritonectomy after NIPS[10]. 
A total gastrectomy and D2 lymphadenectomy were per-
formed in 29 patients and some parts of  the peritoneum 
were removed in combination with the gastrectomy. As 
a result, a complete cytoreduction was achieved in 24 pa-

tients (80%). No postoperative mortalities occurred but 
morbidities occurred in 5 (16.7%) of  the 30 patients, a 
morbidity rate similar to that after a gastrectomy with an 
aggressive lymphadenectomy[25].

After systemic neoadjuvant chemotherapy, a complete 
PC response is very rare. Inokuchi et al[26] reported that 
the response rate of  PC after S-1 plus irinotecan was 
69% (9/13), but no CR was experienced for PC. Baba 
also reported the limited effects of  systemic S-1+CDDP 
on PC from gastric cancer[27]. Figure 3A and B shows the 
macroscopic and histologic changes in the primary tumor 
after NIPS. Almost all the cancer cells have disappeared 
and only mucin remains in the primary tumor. A histo-
logic change similar to that seen in Figure 3B corresponds 
to a histological grade of  3, according to the general 
rules for gastric cancer treatment in Japan[28]. A histologic 
grade of  1 means the degeneration of  cancer is detected 
in less than two third of  the tumor tissue, while a grade 
of  3 means the complete disappearance of  the cancer 
cells. Histologic effects on primary tumors were found 
in 25 of  the 30 tumors, and Grade 1, 2 and 3 evaluations 
were made in 10 cases (33.3%), 14 (46.7%) and 1 (3.3%) 
respectively. In contrast, the complete histologic disap-
pearance of  PC was observed in 15 (50%) of  30 patients  
(Figure 4A-D). Stage migration from stage 4 to stage 1, 2 
or 3 was experienced in 10 patients (33.3%). Accordingly, 
NIPS is a powerful strategy for eradicating PFCCs and 
macroscopic PC, resulting in stage migration[29].

CRS USING PERITONECTOMY 
PROCEDURES
The current state-of-the-art treatment for colorectal peri
toneal dissemination is a comprehensive management 
using CRS and HIPEC. Patients with a low tumor volume, 
well/moderately differentiated tumors and complete 
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A peritoneal port system Wash cytology and chemotherapy through port 
system

Wash cytology 
through port system

Oral S-1 60 mg/m2 (days 1-21) One week rest

IP administration of docetaxel 30 mg/m2 and CDDP 30 mg/m2 (days 1, 8 and 15)

Figure 2  Bidirectional chemotherapy for peritoneal carcinomatosis from gastric cancer.

Table 2  Operation methods in 30 primary gastric cancer 
patients with PC after NIPS

Extent of gastrectomy
   Total gastrectomy: 29
   Distal gastrectomy: 1
LN dissection
   D2 dissection: 29
   D1 dissection: 1
Peritonectomy procedures
   Diaphragm copula: right side 1, both side 2
   Colon resection : 9
   Hysterectomy + BSO: 9
   Douglasectomy: 7
   Small bowel/mesentery resection: 4
   Falciform ligament resection: 30
   Morrison Pouch resection: 29
   Omentectomy: 30
   Anterior leaf of transverse colon: 29
   Splenectomy: 28
Completeness of cytoreduction
   Complete cytoreduction: 24 (80.0%)

PC: Peritoneal carcinomatosis; NIPS: Neoadjuvant intraperitoneal-systemic 
chemotherapy protocol.
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cytoreduction may potentially benefit from combined 
treatment[30]. In gastric cancer patients with PC, no sur
vival benefit has been reported by cytoreduction alone. In 
contrast, CRS with peritonectomy plus HIPEC confers 
a prolonged survival period[10]. Complete cytoreduction 
is an essential factor for a good outcome and NIPS plus 
peritonectomy may improve the incidence of  complete 
cytoreduction[29,31]. Glehen et al[32] reported that CRS and 
HIPEC might have a survival benefit in highly selected 
patients (good general condition, resectable primary 
gastric cancer and PC). 

However, NIPS might increase the risk of  a perito-
nectomy procedure plus a gastrectomy combined with 

a lymphadenectomy. Glehen reported a mean opera-
tion time of  5.2 h (range 1.5-9.5 h), a 30-d mortality rate 
of  4% (2/49), and a major complication rate of  27% 
(13/49)[32]. In our consecutive series of  96 gastric cancer 
patients with PC, two hospital deaths (2%) occurred in 
patients who died of  MOF from pancreatic fistula and 
sepsis. Postoperative major complications occurred in 
30 (32%) patients (Table 3)[10]. A second operation was 
necessary in 4 patients who had complications from insuf-
ficiency of  esophagojejunal anastomosis, bleeding, and 
ileal and colonic fistula. Glehen reported a higher compli-
cation rate of  47% in patients who underwent extensive 
CRS (gastrectomy combined with the removal of  more 
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A B

Figure 3  A 34-year old female patient with PC from type 4 gastric cancer treated with NIPS. A: Macroscopic finding of resected stomach of patients treated with 
NIPS; B: Histologic finding of resected stomach of patient treated with NIPS. Almost all cancer cells disappear and mucin alone was depicted in the primary tumor 
(histological grade 3).

A B

C D

Figure 4  A 48-year old male patient with PC from gastric cancer treated with NIPS. A: Macroscopic finding of PC on bowel mesentery; B: After 2 courses of 
NIPS, PC nodules shows fibrotic changes; C: Histologic findings of PC nodule obtained at the first operation of Figure 4A; D: Complete degeneration of cancer cells in 
PC nodule obtained at second look operation after NIPS.
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than 2 peritoneal zones)[32]. The magnitude of  surgery, the 
number of  resected organs, the number of  anastomoses 
and the operation time are considered to have contributed 
to the significantly higher complication rate. 

To avoid futile aggressive treatments, the preopera-
tive stringent selection of  patients must be emphasized. 
Surgeons should have a large amount of  surgical experi-
ence with gastrointestinal and genitourinary diseases and 
an extensive knowledge of  organ anatomy and physiology. 
Surgeons must also be able to judge the balance between 
the postoperative risk associated with the magnitude of  the 
peritonectomy and the survival benefit and quality of  life. 

Yan et al[33] reported the existence of  a learning curve 
with this procedure and recommended the accumulation 
of  experience to achieve an acceptable morbidity rate. 
They proposed that at least 70 peritonectomy procedures 
are needed to obtain a reliable level of  surgical proficiency 
and postoperative care. Surgeons who want to perform 
this procedure must have a surgical team that includes an-
esthesiologists, nurses, pathologists, urologists, gynecolo-
gists and other experienced surgeons. 

QUANTITATIVE ESTIMATION AND 
PREOPERATIVE DIAGNOSIS OF PC
For the objective evaluation of  the distribution and vol-
ume of  PC, a quantitative staging system is needed. In the 
Japanese Rules of  Gastric Cancer, PC is classified into five 
categories[28]: P0/Cy0, P0/Cy1, P1, P2 and P3. P0/Cy0 
means no macroscopic disease and a negative peritoneal 
wash cytology; P0/Cy1 means no macroscopic PC but a 
positive peritoneal wash cytology; P1 means PC in the up-
per abdomen above the transverse colon; P2 means sev-
eral countable PC in the peritoneal cavity; and P3 means 
numerous PC in the peritoneal cavity. The size of  the PC 
is not taken into consideration in the Japanese staging sys-
tem. The Japanese staging system itself  has been shown 
to be an important prognostic factor. Significant survival 
differences in the survival rates were observed between P1 
vs P2, P1 vs P3, and P2 vs P3 group (Figure 5). 

A unique point of  the Japanese classification is the 
performance of  a cytological examination using peri
toneal wash fluid, even in patients who are scheduled to 

undergo a potentially curative resection. The peritoneal 
wash cytology is usually negative when the macroscopic 
diameter of  the serosal invasion of  the primary tumor 
is smaller than 2 cm (Figure 6). Furthermore, for serosal 
involvement with a diameter larger than 5 cm, the 
peritoneal wash cytology was reportedly positive in 66% 
(101/153) of  the patients[34].

PFCCs have a high proliferative activity (Figure 7) 
because the Ki-67 labeling rate of  PFCCs is high (median 
value, 60%)[34,35]. The median survival time of  patients 
with a positive cytology result is 6 mo, and the survival 
curve of  patients with P0/Cy1 is not statistically sig
nificant, compared with that of  patients with P1, 2, or 
3 statuses (Figure 5)[35,36]. Accordingly, P0/Cy1 patients 
are regarded as having stage Ⅳ disease. A peritoneal 
wash cytology is recommended in gastric cancer patients 
scheduled to undergo curative resection. 

Gilly proposed a new staging system that takes into 
account the size of  the peritoneal nodules and their 
distribution (localized or diffuse) (Table 4). This staging 
system has also been confirmed to be an important 
prognostic indicator[32]. Since the median survival of  
patients with stage 1 or 2 is significantly better than those 
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Table 3  Postoperative complications after 96 peritonectomy 
for PC from gastric cancer

Medical complication 
   Pulmonary complications 5 (5%) 
Surgical complication
   Anastomotic leakage 11 (10%) 
   Fistula from small bowel 4 (4%) 
   Abdominal abscess 4 (4%) 
   Bleeding 3 (3%) 
   Pancreatic fistula 2 (2%) 
Reoperation 4 (4%) 
   Bleeding         1 
   Drainage of abscess
      From leakage         1 
      From bowel fistula         2 
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Figure 5  Survival curves of patients with PC, according to the Japanese 
classification. P1 vs P2: P < 0.025, χ2 = 4.979; P1 vs P3: P < 0.001, χ2 = 
61.13; P0/Cy1 vs P2, P3: Not significant.
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Figure 6  Positive rates of peritoneal wash cytology according to the 
diameter of serosal involvement of primary tumor. Intraoperative cytological 
examination of the peritoneal wash solution using 200 mL of saline in 637 patients 
who had no macroscopic PC.
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with stage 3 or 4 after CRS and HIPEC, patients with 
stage 1 or 2 could be candidates for CRS and HIPEC. 

Sugarbaker reported the use of  the peritoneal can
cer index (PCI)[37]. This staging system accounts for 
both cancer distribution and size of  peritoneal nodules 
(Figure 8). The abdominal cavity is subdivided into 13 
regions. Furthermore, the accurate sizes of  the lesions 
in each region are recorded by direct visual inspection 
intraoperatively. The macroscopic PC nodules in each 
zone are meticulously observed during surgery and scored 
from 0 to 3. Score 0 means that no nodules seen; score 
1 has nodules with a maximum visible diameter of  up to 
0.5 cm; score 2 a diameter of  greater than 0.5 cm and up 
to 5 cm; and score 3 refers to nodules with a diameter of  
5 cm or greater. Peritoneal nodules are scored as lesion 
sizes 0 through 3 (LS 0 to LS 3) (Figure 8). This method 
quantifies the extent of  PC in the peritoneal cavity, which 
can be summated as a numerical score (from 0 to 39).

Sugarbaker proposed a means of  assessing the 
completeness of  cytoreduction (CC), classified into four 
categories. CC-0 indicates complete cytoreduction with 
no residual macroscopic nodule; CC-1 no macroscopic 
tumor but a positive histological margin or suspicious 
residual nodules less than 5 mm in diameter; CC-2 apparent 
macroscopic residual tumors greater than 5 mm but up to 5 
cm in diameter; and CC-3 residual PC greater than 5 cm in 
diameter.

In patients with gastric cancer who have received a 
CC-0 or CC-1 peritonectomy, involvement was not found 
on the anterior abdominal wall and liver capsule but was 
observed in other zones in 10 cases (2.7% to 35%). In 
contrast, all the zones were involved in the CC-2 or CC-3 

group. A higher incidence of  diffuse involvement on the 
serosal surface or mesentery of  the small and large bowel 
was seen in the CC-2 or CC-3 group. In patients with 
colorectal cancer, Koh et al[38] reported a predilection for 
the right side, with spreading to the right upper and flank 
regions being approximately twice as common as to the 
left regions. The right upper and flank regions correspond 
to the right diaphragmatic copula and the right para-
colic gutter of  the ascending colon. Furthermore, they 
reported that the small bowel segment was the least 
commonly affected area, with the exception of  the distal 
ileum. During laparoscopic examination and exploratory 
laparotomy, surgeons should meticulously observe and 
palpate these 13 zones[36].

The complete cytoreduction of  patients with PCI 
≤ 6 and PCI ≥ 7 has been reportedly performed in 
86% (49/57) and 39% (14/41) of  patients respectively 
(Figure 9). These percentages were significantly different 
(P < 0.05). Complete cytoreduction was successfully 
performed in only 7% (2/27) of  patients with a PCI 
greater than 13. 

The PCI score is believed to be an independent 
prognostic factor and a PCI score capable of  serving as 
a threshold for favorable versus poor prognosis has been 
reported. In colorectal cancer, the survival results are 
significantly better when the PCI was lower than 16[37,39]. 
In a series of  patients with colorectal cancer, Sugarbaker 
reported a 5-year survival rate of  50% when the PCI was 
less than 10, a rate of  20% for an index of  11-20, and a 
rate of  0% for an index > 20[40]. Berthet et al[41] reported 
that the PCI score predicted a benefit to the visceral organs 
from the treatment of  sarcomatosis. The PCI score system 
developed by Sugarbaker is now used worldwide for the 
assessment of  PC from various tumor types.

As shown in Figure 10, the survival of  gastric cancer 
patients with a PCI score ≤ 6 was significantly better than 
those with a PCI score ≥ 7. Gastric cancer is believed to 
have a more aggressive biological behavior than colorectal 
cancer. These results suggest that carcinomatosis from 
gastric cancer with a PCI score greater than 7 should be 
treated with palliative intent without peritonectomy.

For the preoperative diagnosis of  PC, computed 
tomography (CT), magnetic resonance imaging (MRI), 
PET-CT and laparoscopy are performed as part of  the 
stringent patient selection required for peritonectomy[42]. 
The availability and lower incidence of  movement artifacts 
make multi-sliced CT the most widely used imaging tool 
for the detection of  PC. High-speed spiral CT for the 
detection of  PC from gastric cancer has an accuracy of  
78%, a sensitivity of  39%, a specificity of  94%, a positive 
predictive value of  72% and a non-predictive value of  
79%[42]. 

Koh et al[38] reported the value of  preoperative CT in 
estimating PC in patients with colorectal carcinomatosis. 
CT portrayed the lesion size accurately in 60% of  the 
cases, underestimated the size in 33% of  the cases, and 
overestimated the size in 7% of  the cases. The detec-
tion rates depended on the peritoneal zone and lesion 
size. The detection rates for PC are relatively high in the 
epigastrium, right upper area, and pelvis with detection 

Figure 7  Ki-67 expression in PFCCs (immunocytochemical staining using 
MIB-1). 1Cancer cell without expression of Ki-67. Arrows indicate Ki-67 positive 
PFCCs with proliferative activity.

1

Table 4  Gilly staging system

Stage Peritoneal carcinomatosis description

Stage 0 No macroscopic disease
Stage 1 PC less than 5 mm in diameter

localized in one part of abdomen
Stage 2 PC less than 5 mm

Diffuse in the whole abdomen
Stage 3 PC 5 mm to 2 cm in diameter
Stage 4 Large PC more than 2 cm
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rates of  greater than 50%. In contrast, the depiction rate 
of  small-bowel involvement had the lowest sensitivity, 
with a rate of  8%-17%. The sensitivity of  CT for detect-
ing PC was influenced by the lesion size and the false-
negative rate significantly decreased with the lesion size. 
Small PC (< 0.5 cm) was visualized using CT with a 
sensitivity of  11%, in contrast to a sensitivity of  94% for 
PC with a diameter greater than 5 cm. 

The diameter of  PC from gastric cancer tends to be 
smaller than that from colorectal cancer because gastric 
cancer always has a poorly differentiated histological 
type. In our study, the PCI estimated from preoperative 
radiologic studies was compared with the intraoperative 
PCI score. The mean preoperative radiologic PCI and the 
operative PCI scores were 5.91 and 5.64 respectively (no 
statistical significance)[42]. Koh also reported that radio-
logically determined PCI underestimated the true extent 
of  PC[38]. 

PET provides a functional image, but this modality 
has drawbacks for small lesions less than 5 mm in size. 
Although a PET-CT system seems to be an attractive 
option, the use of  this modality is limited by its high cost 
as well as its limitations in the assessment of  low-volume 
PC[42]. Since the accuracy of  PET-CT for primary gastric 
cancer and lymph node metastases was 54%[43], PET is 
not recommended for the diagnosis of  lymph node me-
tastases from gastric cancer[43].

Yang et al[42] reported that the accuracy of  PET-CT 
for PC from gastric cancer was 87%, with a sensitivity of  
72.7%, a specificity of  93.6%, a positive predictive value of  
82.1%, and a negative predictive value of  89.6%, and that 
PET-CT showed a better sensitivity than high-speed spiral 
CT (HSSCT). Because peritoneal deposits usually have a 
low-volume density, all radiological modalities have major 
limitations in the assessment of  PC. Surgeons should keep 
in mind that the preoperative radiologic PCI scores are al-
ways smaller than the intraoperative PCI scores. 

Recently, diagnostic laparoscopy has enabled the direct 
visualization of  small PC but technical difficulties can 
arise in the presence of  adhesions caused by prior surgery. 
Garofalo reported an excellent experience with laparoscopic 
diagnosis for PC[44]. A good correlation was obtained 
between the open surgery data and the laparoscopic PCI 
scores. This method exhibited an excellent diagnostic 
accuracy for PC on the small bowel mesentery which 
cannot be correctly diagnosed using CT, MRI or PET-CT.

HYPERTHERMIC INTRAPERITONEAL 
CHEMO-PERFUSION (HIPEC) AFTER 
CYTOREDUCTION
An abundance of  experimental and clinical evidence has 
indicated that malignant cells are selectively destroyed 
by hyperthermia in the range of  41℃ to 43℃. Hyper

Regions
0     Central
1     Right upper
2     Epigastrium
3     Left upper
4     Left flank
5     Left lower
6     Pelvis
7     Right lower
8     Right flank
9     Upper jejunum
10  Lower jejunum
11  Upper ileum
12  Lower ileum

Lesion size

1 2 3

408

7 6 5

Lesion size score
LS 0  No tumor seen
LS 1  Tumor up to 0.5 cm
LS 2  Tumor up to 5.0 cm
LS 3  Tumor > 5.0 cm 
         or confluence

9

10

11

12

Figure 8  Peritoneal cancer index (PCI). Peritoneal 
cavity is divided into 13 parts, which ranges from 0 to 
12. Accurate measurement of each region is scored as 
lesion size 0 through 3. LS 0: No implants. LS 1 refers 
to implants up to 0.5 cm in diameter; LS 2 refers to 
implants greater than 0.5 cm and up to 5 cm; and SL3 
refers to those 5 cm or greater in diameter.
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Figure 9  PCI scores and completeness of cytoreduction in 92 gastric 
cancer with PC, who underwent CRS.
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Figure 10  Survival differences of gastric cancer patients with PC, according 
to the PCI score.
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thermia impairs DNA repair, protein denaturation and the 
inhibition of  oxidative metabolism in the microenviron
ment of  malignant cells and increases cell death[24,45-49]. 
Unfortunately, heat alone at such a low clinically applicable 
temperature cannot eradicate cancer cells because of  
a mechanism known as thermal tolerance that acts via 
the up regulation of  heat shock protein[46]. However, 
hyperthermia enhances chemotherapy efficacy and the 
combination of  heat and anti-neoplastic drugs frequently 
results in increased cytotoxicity. Some chemotherapeutic 
agents augment cytotoxicities in combination with mild 
hyperthermia. Such effects have been reported for 
mitomycin C, cisplatinum, docetaxel, gemcitabine and 
irinotecan[47-49]. An additional factor in vivo is increased 
drug penetration which is observed at temperatures 
above 39-42℃[49]. Los et al[17] reported that CBDA and 
cisplatinum penetrated 2-3 mm from the surface of  
experimental PC in rats but that penetration was limited 
to within 1-2 mm without hyperthermia.

Drug selection is very important when combined 
with hyperthermia. In HIPEC, a direct cytotoxic agent 
is needed. Anti-metabolites are not suitable because the 
duration of  exposure is too short. Agents with large 
molecular weights have more favorable pharmacokinetics 
because of  the delay in absorption resulting from the 
maintenance of  high loco-regional concentrations in the 
peritoneal cavity. Rapid renal clearance may decrease side 
effects. Drugs that act synergistically with hyperthermia 
should be chosen. In HIPEC for gastric cancer, 
mitomycin C and CDDP, which have synergistic effects 
when used with hyperthermia, are typically used. 

According to pharmacokinetic studies, approximately 
70% of  the administered mitomycin C is eliminated from 
the perfusate after 2 h of  HIPEC[50]. With cisplatinum, 
75% is lost from the perfusion fluid after a dwelling time 
of  90 min[51] and only 20% of  the cisplatinum reaches 
the systemic circulation. The targeted tumor nodules may 
thus absorb a high proportion of  this drug after 90 min 
of  HIPEC. However, 30 min of  HIPEC is probably too 
short for the optimal absorption of  cisplatinum by the 
tumor nodules. Accordingly, 90-120 min might be more 
beneficial. 

However, a long duration of  HIPEC may increase the 
operation time and the incidence of  morbidity. Yan et al[52] 
reported that a meta-analysis did not show a significant 
difference in the incidence of  perioperative mortality 
between the HIPC and control groups. However, the 
meta-analysis did show a significant increase in the 
incidence of  intra-abdominal abscess and neutropenia in 
the HIPEC group.

To date, intraperitoneal chemotherapy and hyper
thermia have been investigated as possible treatment 
options for PC from ovarian, colorectal and gastric cancer. 
For advanced ovarian cancer, intraperitoneal chemo
therapy in combination with CRS has been declared 
the standard practice[53]. For colorectal carcinomatosis, 
a randomized trial demonstrated a superior survival 
rate in patients receiving CRS and HIPEC, compared 
with traditional systemic chemotherapy and CRS[54,55]. In 
addition, the combination of  CRS plus HIPEC has been 

suggested as the standard care recommended for PC from 
appendiceal cancer and mesothelioma. In gastric cancer, 
two randomized clinical trials (RCTs) have reported 
the prevention of  peritoneal recurrence after curative 
resection[56,57]. A recent meta-analysis of  RCTs for gastric 
cancer indicated that HIPEC with CRS is associated with 
an improved overall survival[52]. 

Figure 11 shows the survival curves for 211 patients 
with PC from gastric cancer who had been treated with 
CRS and HIPEC. Patients who received a CC-0 or 
CC-1 cytoreduction survived significantly longer than 
those who had received a CC-2 or CC-3 CRS. Before 
performing HIPEC, surgeons should remove as many 
PC nodules as possible. Because the depth of  drug 
penetration is limited to 1-3 mm, the residual tumor 
burden should correspond to a status of  CC-0 or CC-1. 
These results strongly suggest that HIPEC just after CRS 
can improve the survival of  patients who have received a 
CC-0 or CC-1 cytoreduction. Gastric cancer spreads not 
only via transcoelomic routes, but also via lymphatic and 
hematogenous routes. Patients with both PC and distant 
lymph node metastasis, such as para-aortic lymph nodes 
or hematogenous metastasis, should be excluded from the 
indications for CRS and HIPEC.

As shown in Table 5, a multivariate analysis revealed that 
both NIPS and CC-0 or CC-1 were independent prognostic 
factors of  a good prognosis after CRS plus HIPEC. The 
best indications for CRS + HIPEC are localized PC (PCI 
less than 6) from resectable gastric cancer that has been 
removed completely during a peritonectomy. 

EARLY POSTOPERATIVE 
INTRAPERITONEAL CHEMOTHERAPY 
(EPIC)
EPIC is started during the early postoperative period 
as soon as the patient’s physical condition allows. It is 
started at the time of  minimal residual tumor burden 

n MST (yr) 1 yr 2 yr 3 yr 4 yr 5 yr

CC-0,1 106 1.29 65% 34% 21% 17% 15%
CC-2,3   95 0.67 38%   6%   2%   2%   2%
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P  < 0.0001

Figure 11  Survival curves of gastric cancer patients with PC after cyto
reductive surgery and HIPEC using the CC score. The assessment of the 
CC is classified into 3 categories. CC-0: The complete cytoreduction with no 
residual macroscopic nodule; CC-1: No macroscopic tumor but positive margin 
histologically or suspicious residual nodules less than 5 mm; CC-2: Apparent 
macroscopic residual tumors greater than 5 mm but up to 5 cm; and CC-3: 
Residual PC greater than 5 cm in diameter.
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before the residual cancer cells can become entrapped 
in postoperative fibrin deposits[11,58]. EPIC regimens 
with cell-cycle dependent drugs in 500 mL of  saline are 
administered on postoperative days 1-5 through a catheter. 
Jeung et al[11] started EPIC on the day of  operation using 
5-FU (500 mg/m2) and cisplatinum (40 mg/m2, days 1-3) 
administered over a four weeks interval. The predominant 
toxicity was neutropenia and nausea/vomiting. The 
authors recommended EPIC for the treatment of  patients 
with resectable gastric cancer with PC who had a good 
performance status (PS-0 of  PS-1). Yu et al[59] performed 
an RCT consisting of  248 advanced gastric cancer patients 
treated with surgery plus EPIC (mitomycin-C plus 5-FU) 
and surgery alone. The surgery plus EPIC group had 
a superior overall survival, compared with the surgery 
alone group. In a subgroup analysis, the improvement in 
the survival rate was found to be statistically significant 
for patients with gross serosal invasion and lymph node 
metastasis. The authors recommended the use of  EPIC 
for the treatment of  stage 3 or 4 advanced gastric cancer 
patients with T3 or N+.

FAILURE ANALYSIS OF RECURRENT 
DISEASE FOLLOWING CRS AND 
PERIOPERATIVE INTRAPERITONEAL 
CHEMOTHERAPY
After complete cytoreduction and perioperative intraperi

toneal chemotherapy for PC from colorectal cancer, 
about two thirds of  patients experienced recurrences. The 
most common type of  recurrence was a localized intra-
abdominal recurrence and the median time for progres
sion was 9 mo.

Unfortunately, approximately 75% of  the patients 
who underwent a complete cytoreduction and HIPEC 
developed recurrences. In the 111 gastric cancer patients 
with PC who received CC-0 or CC-1 CRS and HIPEC, 
65 patients experienced recurrences. The median surviv-
al period was 9.5 mo. Thirty-one (48%) and 51 (78%) of  
the patients died from recurrences at one and two years 
after CRS + HIPEC respectively. Four patients died of  
peritoneal (3 patients) or bone (one patient) recurrences 
5-7 years after CRS + HIPEC. Thirty-seven patients had 
diffuse intraperitoneal recurrences, 5 had bone metas-
tasis, 2 had lymph node recurrences and one had a skin 
recurrence. 

For the treatment of  localized intraperitoneal recur
rences of  colorectal cancer, surgical treatment, such 
as a second CRS, or intraperitoneal chemotherapy can 
result in long-term survival. In gastric cancer patients 
however, almost all recurrences are diffuse intraperitoneal 
recurrences. To prevent recurrence and prolong the 
survival of  gastric cancer patients after CRS and HIPEC, 
EPIC and late systemic chemotherapy are mandatory.

TREATMENTS FOR PATIENTS WITH A 
P0/CY1 STATUS
As already mentioned, a P0/Cy1 status means the absence 
of  macroscopic PC but a positive cytological examination 
of  peritoneal washing fluid. The survival of  P0/Cy1 

Table 5  Multivariate survival analysis of 90 patients with PC

Clinicopathologic factors χ2 P Relative 
risk

95% CI 
levels

Sex (male vs female) 3.87 0.049 0.64 0.401-1.020 
Age (≤ 65 vs > 65) 0.08 0.653 0.74 0.098-5.595
CC (CC-0,1 vs CC-23) 7.96 0.004 2.32 1.004-3.638
NIPS (done vs not done) 5.28 0.016 3.06 1.008-4.046
PCI (≤ 6 vs ≥ 7) 0.80 0.802 0.91 0.444-1.872
Histology (diff. vs poorly diff.) 0.59 0.442 0.62 0.252-4.399

From gastric cancer, treated with cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy (HIPEC) (cox proportional hazard model). 
PCI: Peritoneal cancer index.

Table 6  recurrence patterns after curative resection of P0/Cy1 
patients  n  (%)

Peritoneum Lymph node Liver The others 

Negative 
cytological status

42/92 (45.6) 20/92 (21.7) 23/92 (25.0) 7/92 (7.6)

Positive 
cytological status

22/27 (81.4) 2/27 (7.4) 2/27 (7.4) 1/27 (3.7)
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LN dissection n 1 yr 2 yr 3 yr MST (mo)

D0-1 13 23%   0%   0%   5.3
D2 86 65% 33% 21% 17.2
D3 11 29%   0%   0%   6.0

Figure 12  Survival curves of P0/Cy1 patients without distant metastasis, 
according to the extent of lymph node dissection.
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χ2 = 20.965, P  < 0.001 Wilcoxon test

Group n 1 yr 2 yr 3 yr MST (mo)

TS-1 group 40 85% 47% 38%  21.6
Control group 57 28% 11%   7% 6

Figure 13  Survival of P0, Cy1 patients treated with gastrectomy+ 
postoperative TS-1 therapy and gastrectomy alone.

Control group
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patients after gastrectomy is very poor, with a 5-year 
survival rate of  less than 5% because of  the persistence 
of  micrometastases outside the surgical field. Since no 
effective chemotherapy regimens for PC have been 
reported, some Japanese surgeons do not recommend 
performing a gastrectomy for P0/Cy1 patients. In general 
however, a gastrectomy is believed to improve the survival 
of  these patients. No reports describing the efficacy of  
lymph node dissection in P0/Cy1 patients have been 
made. As shown in Figure 12, patients who received 
a D2 dissection showed a superior survival outcome 
when compared with patients who received a D1 or D3 
dissection. Furthermore, patients with D number ≥ pN 
showed a significantly better survival outcome than those 
with D < pN. These results may indicate that lymph node 
dissection improves the survival of  P0/Cy1 patients[35].

A bursectomy, used to resect peritoneal deposits 
within the omental bursa, is considered an essential 
procedure for gastric cancer surgery. Yamamura et al[60] 
studied the PFCCs and CEA or cytokeratin 20 mRNA 
signals in the omentum and other peritoneal zones in the 
same patients. CEA/cytokeratin 20 mRNA signals could 
be detected simultaneously in the omental bursa and 
zones other than the omentum. Accordingly, P0/Cy1 
patients cannot be cured by a gastrectomy + omento-
bursectomy because invisible viable cancer cells persist 
after the omentectomy. They proposed that a routine 
bursectomy could be omitted from radical gastrectomy 
even for curable gastric cancer patients.

If  P0/Cy1 patients are treated with NIPS (Figure 2), 
the PFCCs can be eradicated in two-thirds of  the patients. 
Accordingly, P0/Cy1 patients should undergo NIPS 
followed by CRS.

As shown in Table 6, peritoneal recurrence is the main 
site of  recurrence after curative resection for P0/Cy1 
patients. Accordingly, a gastrectomy combined with che-
motherapy to control peritoneal recurrences should be 
performed.

For the multimodal therapy of  P0/Cy1 patients, Yo-
nemura et al[61] reported the use of  a combination therapy 
comprised of  radical gastrectomy and postoperative S-1 
therapy. After radical gastrectomy, 35 patients were treated 
with oral S-1 (80 mg/m2) for 28 consecutive days fol-
lowed by a 14-d rest. This schedule was repeated every  
6 wk (S-1 group). The other 66 patients did not receive 
any chemotherapy (control group). The patients in the S-1 
group survived significantly longer than those in the con-
trol group (Figure 13) (P < 0.0001). The two-year survival 
rates of  the control and S-1 groups were 9% and 53%, 
respectively. Recurrences were not observed in 15 patients 
(43%) in the S-1 group and 3 patients (5%) in the control 
group. Peritoneal recurrences after S-1 treatment and in 
the control group were observed in 11 (31%) and 34 (52%) 
patients respectively (P < 0.05). 

The Cox proportional hazard model showed that S-1 
treatment was an independent prognostic factor and the 
relative risk of  the S-1 treatment group was 0.17-fold lower 
than that of  the control group. Major adverse reactions 
included myelosuppression and gastrointestinal toxicities 
but these effects were generally mild and no treatment-

related deaths occurred. Thus, S-1 treatment appears to be 
a safe and effective postoperative chemotherapy treatment 
for patients with a P0/Cy1 status. 

Yonemura et al[35] reported an effect of  HIPEC in 
P0/Cy1 patients and the 5-year survival rate of  15 P0/
Cy1 patients after gastrectomy plus HIPEC was 42%. 

FUTURE PROSPECTS FOR THE 
TREATMENT OF PC FROM GASTRIC 
CANCER
The development of  effective intraperitoneal chemo
therapy regimens and new regimens of  systemic 
chemotherapy is awaited. Recently, new molecules with 
important roles in the formation of  PC have been reported 
and molecular targeting strategies for these molecules will 
soon be exploited. Surgeons should combine CRS and 
perioperative chemotherapy using new anticancer agents 
for patients with PC.
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Abstract
Peritoneal carcinomatosis is, after liver metastases, 
the second most frequent cause of death in colorectal 
cancer patients and at the present time, is commonly 
inserted and treated as a stage Ⅳ tumour. Because 
there is no published data that outlines the impact of 
new therapeutic regimens on survival of patients with 
peritoneal surface diffusion, the story of carcinomatosis 
can be rewritten in light of a new aggressive approach 
based on the combination of cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy. Also 
if these treatment perhaps allow to obtain better 
results than standard therapies, we suggest, that a 
large prospective randomised control trial is needed to 
compare long-term and progression-free survival under 
the best available systemic therapy with or without 

cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy.
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INTRODUCTION
Peritoneal carcinomatosis (PC) is, after liver metastases, 
the second most frequent cause of  death in patients with 
colorectal cancer (CRC). The peritoneal surface is involved 
in 10%-30%[1-3] of  patients with CRC and in roughly 
7%-8%[3,4] at the time of  primary surgery, in 4%-19% of  
cases during follow-up after curative surgery, in up to 44% 
of  patients with recurrent CRC who require relaparotomy, 
and in 40%-80% of  patients who succumb to CRC[4]. 
However, in the 25% of  patients with metastatic disease, 
the peritoneal cavity seems to be the only site of  diffusion 
even after extensive diagnostic investigations[5]. 

Presently, this last group of  patients is commonly 
classified and treated as stage Ⅳ CRC, and there is no 
published data that outlines the impact of  new therapeutic 
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regimens on survival[6] and therefore research into new 
therapeutic approaches is widely justifiable and favourable.

NATURAL HISTORY OF PERITONEAL 
CARCINOMATOSIS
The PC occurs by a sequence of  events: the spreading 
of  cancer cells in the peritoneal cavity, their adhesion to 
the mesothelial surface and the invasion of  the subperi-
toneal space for proliferation and vascular neogenesis[7]. 
The high incidence of  tumour implantation on the peri-
toneal surface in CRC can be occur by intraperitoneal 
tumour emboli as result of  serosal penetration, or can 
be the consequence of  surgical management through 
leakage of  the malignant cells from the lymphatic vessels 
or through their dissemination due to tumour trauma as 
result of  dissection, with subsequent fibrin entrapment 
and tumour promotion of  the entrapped cells[8]. 

The three principal studies[2,3,9] dedicated to the 
natural history of  peritoneal carcinomatosis from CRC 
confirmed a poor prognosis with a median survival 
ranging between 6 and 8 mo and no 5-year survivors. 
Chu et al[2] reported, in a series of  100 patients with 
PC of  nongynecologic tumours, a median survival of   
6 mo. Sadeghi et al[3], in a multi-centre prospective study 
(EVOCAPE1) reported 118 patients with PC from CRC 
with a median survival of  5.2 mo. In a retrospective 
analysis[9] of  3019 patients with CRC, 13% of  these 
presented carcinomatosis and had a median survival of   
7 mo. Verwaal et al[10], in a phase Ⅲ randomized controlled 
trial of  50 patients who were treated with systemic 
chemotherapy and palliative surgery obtained an overall 
median survival of  12.6 mo with a 2-year survival rate of  
18% and a median time to disease progression of  7.6 mo.

CYTOREDUCTIVE SURGERY (CRS) AND 
HYPERTHERMIC INTRAPERITONEAL 
CHEMOTHERAPY (HIPEC)
As reported by Esquivel et al[6], in the light of  a new 
aggressive approach based on the combination of  CRS 
and HIPEC, the story of  peritoneal carcinomatosis can 
probably be rewritten like the story of  colorectal liver 
metastases.

In the 1930s, Meigs[11] was the first to advocate CRS 
followed by adjuvant radiotherapy in patients with ovarian 
cancer but with poor results. Subsequently Munnell[12] and 
Griffiths[13], between the 1960s and 1970s, demonstrated 
that better survival rates could be achieved by more 
extensive surgery and that the size of  residual disease is 
the most important prognostic factor[11]. In 1980s, Spratt 
was the first to report, after an experimental study with 
hyperthermic peritoneal perfusion in dogs[14], the results 
of  CRS followed by HIPEC using thioTEPA in a patient 
with pseudomyxoma peritonei[15]. After this first clinical 
report, Sugarbaker et al[16,17] finally in the 1990s proposed 
and improved CRS and perioperative intraperitoneal che

motherapy as a possible treatment, initially for peritoneal 
dissemination of  the appendiceal neoplasms and diffuse 
malignant peritoneal mesothelioma[14] and successively, for 
patients with PC from various gastrointestinal tumours. 
This was based on the realization that PC is a form of  
locoregional cancer dissemination rather than a systemic 
spread of  the disease. 

RATIONALE AND TECHNIQUE OF CRS 
AND HIPEC
Perioperative intraperitoneal chemotherapy consists of  the 
intraperitoneal administration of  drugs in a large volume 
of  fluid either during the operation or postoperatively[16]. 
Intraperitoneal chemotherapy can increase local exposure 
of  the peritoneal surface to pharmacologically active 
molecules, especially those of  high molecular weight 
(Mitomycin C, 5-FU, Doxorubicin, Cisplatin, Paclitaxel 
and Gemcitabine) resulting in a more uniform distribution 
throughout the abdominal cavity[16]. This treatment 
can also be performed under hyperthermic conditions. 
Hyperthermia associated with intraperitoneal chemotherapy, 
presents several advantages; it has a direct cytotoxic effect 
and enhances the activity and penetration depth of  many 
cytotoxic drugs[17-19]. Because it is estimated that the optimal 
target of  thermochemotherapy is limited to few millimetres, 
is mandatory to resect all the macroscopic disease[20,21]. 
According to Sugarbaker, the peritoneum can be divided 
into six parts, so between one and six peritonectomy 
procedures may be required, including visceral and parietal 
peritonectomies[22]. Subsequently, when the resection 
of  the cancer is complete, some catheters and suction 
drains are placed through the abdominal wall to permit 
perfusion, with open or closed abdomen techniques or with 
peritoneal cavity expander or a semi-opened or semi-closed 
technique. The duration of  the perfusion varies according 
to investigators and drugs used, from 30 to 120 min, and 
a heat exchanger keeps the infused fluid at 46-48℃ so 
that the intraperitoneal fluid is maintained at 41-43℃[23,24]. 
When the perioperative intra-abdominal chemotherapy 
is over, the abdominal cavity must be revisited. As to the 
timing of  bowel anastomoses, pre- or post-hyperthermic 
chemotherapy, there is no consensus. 

The best choice of  drugs and their dosage for intra-
peritoneal therapy are still under discussion. Although 
Mitomycin-C is the most frequently used cytostatic agent, 
either alone or in combination with 5-FU or Cisplatin, 
recently others drugs like Oxaliplatin and Irinotecan have 
been studied alone or in combination. Elias, in a phase Ⅱ  
study, using Oxaliplatin after administration of  5-FU and 
Leucovorin iv before HIPEC, reported no case of  mortal-
ity, 40% morbidity and a 5-year overall survival of  48.5% 
(median survival 60.1 mo) with a 73% rate of  recurrence 
at 14 mo[25]. In another study, the same author, in a retro-
spective comparison of  HIPEC with Oxaliplatin vs stand-
ard systemic chemotherapy, found that median survival 
rate of  the HIPEC group was significantly better than 
that of  the other group (62.7 mo vs 23.9 mo)[26].
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EARLY POSTOPERATIVE 
INTRAPERITONEAL CHEMOTHERAPY
Another modality of  perfusion is the early postoperative 
intraperitoneal chemotherapy (EPIC). In this technique, 
intraperitoneal chemotherapy is administered on post
operative days 1-5, and can be initiated immediately 
postoperatively and continued in the outpatient setting[27]. 
EPIC has the advantage that it can be performed any
where and at anytime because it does not necessitate any 
special apparatus and this is most relevant and useful 
when the carcinomatosis is a fortuitous discovery during 
laparotomy[28]. Another advantage is the possibility to 
administer multiple cycles of  chemotherapy[29]. But 
EPIC has many deficiencies, such as the failure to 
uniformly treat all the peritoneal surfaces, and to provide 
the additive effect of  hyperthermia, the greater risk of  
significant systemic absorption and adverse effects of  a 
high concentration of  chemotherapy which increases the 
possibility of  complications[23,24,27,28]. 

SURVIVAL AFTER CRS AND HIPEC
In the last decade, an increasing number of  prospective 
studies investigated the effectiveness of  the CRS and 
HIPEC in the management of  peritoneal surface malig-
nancies of  colorectal origin. Verwaal et al[10] were the first 
who in 2003 conducted a randomized controlled trial 
comparing the efficacy of  CRS and HIPEC with systemic 
chemotherapy and surgery. This trial clearly demonstrated 
longer survival in the combined treatment group with a 
median survival of  22.3 mo vs 12.6 mo obtained in the 
control arm. Subsequently, Glehen et al[28] in 2004, in a 
multi-institutional registry study from 28 international 
treatment centres, showed that the median survival was 19 
mo and 3-year survival was 39% after CRS and HIPEC 
for 506 patients with colorectal peritoneal carcinomatosis. 
However at present, the clinical outcomes, in the litera-
ture, vary considerably: the median survival from 12 to 
32 mo, with one-year, 2-year, 3-year and when reported 
5-year survival rates ranging from 65% to 90%, 25% 
to 60%, 18% to 47% and 17% to 30%, respectively[4]. 
Univariate and multivariate analyses of  most series of  
patients with PC of  colorectal origin revealed several 
clinical, surgical and pathologic factors predictive of  sur-
vival[4]. Clinical characteristics that have been correlated, 
in univariate analyses with an improved survival, are fe-
male gender, younger age and good clinical performance 
status[4]. Surgical factors that have been correlated with 
survival are the extent of  carcinomatosis encountered 
at laparotomy, the completeness of  resection, bowel ob-
struction, the presence of  ascites and the presence and 
resection of  metastatic disease to the liver[4]. Finally, the 
pathologic factors that have been correlated with impaired 
survival include site of  the primary tumour, poor tumour 
differentiation, signet cell histology and lymph node in-
volvement. However, the results of  multivariate analyses 
on the abovementioned clinicopathologic factors were re-
ported in 5 publications; in 4 of  these, the extent of  dis-

ease [measured by Peritoneal Cancer Index (PCI)] and the 
completeness of  resection were the factors most related 
to treatment success and survival[4]. Patients with localiza-
tion in six or seven regions of  the abdomen had a poor 
prognosis, with a median survival of  5.4 mo vs 29 mo  
in those with a lower number of  regions affected[7]. In 
a recent retrospective study, in 70 patients, da Silva and 
Sugarbaker demonstrated by univariate analysis, that the 
patients with a PCI < 20 had a median survival of  41 mo 
compared with 16 mo for patients with PCI > 20 (P = 
0.004)[29]. 

Verwaal et al[10], using their seven regions system, 
demonstrated that the survival benefit was low in patients 
with more than five regions involved, with a greater 
correlated morbidity. The completeness of  resection 
was also linked to survival. Median survival following 
complete resection of  all macroscopic disease varied from 
17.8 mo to 39.0 mo, whereas the reported 5-year survival 
rates varied from 20% to 54% while median survival, 
after incomplete resection, resulted in median survival 
times of  12.5-24 mo, with 5-year survival rates between 
10% and 29%. When macroscopic disease of  more 5 mm 
in diameter had to be left behind, the reported median 
survival varied between 5 and 12 mo and none of  these 
patients survived for 5 years[4]. 

MORBIDITY AND MORTALITY AFTER 
CRS AND HIPEC
CRS followed by HIPEC carries a postoperative morbidity 
of  14% to 55% and a treatment-related mortality of  0% to 
19%, which seem to be related to the extent of  surgery as 
a function of  peritoneal involvement rather than to the HI-
PEC[4]. Yan et al[30] suggested that there is a learning curve 
associated with the procedure for achieving an acceptable 
morbidity rate and Roviello affirms that postoperative 
complications could be resolved favourably in most cases 
with correct patient selection and adequate postoperative 
care[31]. We also want to underline, as already demonstrated 
in our recent manuscript[32], that 6 mo after surgery, the 
patients submitted to CRS and HIPEC, recover the same 
quality of  life levels as the preoperative period.

CONCLUSION
A recent international conference was convened and a 
consensus statement on the appropriate use of  CRS and 
HIPEC was developed and adopted by the Peritoneal 
Surface Malignancy Group in an attempt to standardize 
the indications and techniques for this treatment[6]. 
However we retain, according with the conclusion of  
Glockzin in his recent review[33], that a large prospective 
RCT is needed to compare long-term and progression-
free survival under best available systemic therapy with 
or without CRS and HIPEC.
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Abstract
Epithelial ovarian cancer (EOC) is the second most com-
mon genital malignancy in women and is the most lethal 
gynecological malignancy, with an estimated five-year 
survival rate of 39%. Despite efforts to develop an effec-
tive ovarian cancer screening method, 60% of patients still 
present with advanced disease. Comprehensive manage-
ment using surgical cytoreduction to decrease the tumor 
load to a minimum, and intraperitoneal chemotherapy to 
eliminate microscopic disease on peritoneal surface, has 
the potential to greatly improve quality of life and to have 
an impact on survival in ovarian cancer patients. Despite 
achieving clinical remission after completion of initial treat-
ment, most patients (60%) with advanced EOC will ulti-
mately develop recurrent disease or show drug resistance; 
the eventual rate of curability is less than 30%. Given the 
poor outcome of women with advanced EOC, it is impera-
tive to continue to explore novel therapies.
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INTRODUCTION
Epithelial ovarian cancer is the second most common 
genital malignancy in women and it is the most lethal 
gynecological malignancy, with an estimated five-year sur-
vival rate of  39%[1]. Despite efforts to develop an effective 
ovarian cancer screening method, 60% of  patients still 
present with advanced (Stages Ⅲ-Ⅳ) disease[2]. CA-125 
serum levels, transvaginal ultrasound, and pelvic examina-
tion have long been thought to be potentially effective 
screening tools. However, none of  them have proved ef-
fective in decreasing mortality from ovarian cancer.

An epithelial ovarian tumor arises from the serosal 
lining of  the ovary, which communicates with the 
serosal lining of  the abdomino-pelvic cavity known as 
the peritoneum. As a consequence of  tumor growth, 
malignant cells exfoliate and shed, becoming free floating 
in the peritoneal fluid. They typically implant in the pelvis 
and subdiaphramatic recesses owing to gravity and the 
incumbent position. This spread of  the tumor within 
the peritoneum is termed peritoneal carcinomatosis, and 
it is a typical feature of  cancer spread in patients with 
primary advanced or recurrent epithelial ovarian cancers. 
Intraoperatively, it is characterized by the presence of  
macroscopic tumor nodules of  variable sizes and consis
tencies that can coalesce to form plaques or masses within  
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the abdominopelvic cavity. Tumor dissemination from the 
peritoneal cavity into the pleural cavity might also occur 
through the lymphatic lacunae within the diaphragmatic 
peritoneum. This results in severe pleural effusion which 
compromises lung and cardiac function. It typically 
presents with vague gastrointestinal symptoms, such as 
abdominal bloating, distension, weight loss, and fatigue. 
Due to the heterogeneity and lack of  specificity of  these 
early clinical symptoms, diagnosis is often delayed. In the 
final stages of  this disease, patients suffer from severe 
symptoms of  profound anorexia, dyspnea, and severe 
pain from malignant bowel obstruction, abdominal 
distension for ascites, and pleural effusion as a result of  
the extensive burden of  tumors that characterizes this fatal 
deterioration. In the past, peritoneal carcinomatosis was 
considered a terminal condition and patients were treated 
with palliatively. However, despite extensive dissemination 
within the abdominopelvic cavity, this condition is now 
considered a loco-regional disease. 

In many patients, the natural history of  ovarian cancer 
is similar to gastrointestinal tumors with peritoneal surface 
dissemination. In fact, in both cases, the late consequences 
of  peritoneal carcinomatosis are debilitating ascites and 
intestinal obstruction. With the full knowledge of  the 
natural history of  this progressive disease, the targets of  the 
treatment should be both the peritoneal surface diffusion 
and the systemic metastases. There is no doubt that the 
eradication of  the peritoneal surface components of  this 
disease would be a major contribution to the overall, and 
disease-free, survival, as well as improving the quality of  life 
of  ovarian cancer patients. Comprehensive management 
using surgical cytoreduction to decrease the tumor load to 
a minimum, and intraperitoneal chemotherapy to eliminate 
microscopic disease on peritoneal surface, has the potential 
to greatly improve quality of  life and have an impact on 
survival in these patients. In the setting of  primary disease, 
optimal cytoreductive surgery (residual tumor < 1 cm) and 
platinum-based chemotherapy have been established as the 
most important determinants of  clinical outcome. 

THE CLINICAL AND BIOLOGICAL 
RATIONALE FOR MAXIMAL 
CYTOREDUCTION IN OVARIAN CANCER
More than 20 years after Griffiths’ major paper[3], a recent 
meta analysis by Bristow et al[4] examined the effect of  
maximal cytoreductive surgery on survival in advanced 
ovarian cancer. The author concluded that maximal 
cytoreduction was one of  the most powerful reasons of  
cohort survival for patients with this disease. Eisenkop 
et al[5] found that cytoreduction had a more significant 
influence on survival than the extent of  metastatic 
disease observed before surgery. Incorporating extensive 
upper abdominal debulking procedures with standard 
pelvic cytoreduction (rectosigmoid resection, peritoneal 
stripping, diaphragm stripping, extensive bowel resection, 
splenectomy, partial gastrectomy, and resection of  liver 
and kidney) not only significantly improved the disease-

free survival rate of  patients left with optimal residual 
disease (85%), but also led to a significant improvement in 
overall survival.

The apparent value of  primary cytoreductive sur-
gery is based on the following reasons: (1) Surgery is 
thought to remove resistant clones of  tumor cells and 
thus decreases the likelihood of  the early onset of  drug 
resistance; (2) The removal of  large masses likely to be 
associated with poorly vascularized areas of  tumors sup-
posedly improves the probability of  delivering adequate 
drug doses to the remaining cancer cells; (3) The higher 
growth fraction in better vascularized small masses 
enhances the effect of  chemotherapy; (4) In principle, 
smaller masses require fewer cycles of  chemotherapy 
and thus decrease the likelihood of  drug resistance; (5) 
Removal of  bulky disease theoretically enhances the im-
mune system; (6) The patients feel better after removal 
of  ascites and large tumor masses, particularly from the 
omentum; and (7) Surgery alleviates the associated nau-
sea and satiety these patients feel.

PREOPERATIVE SELECTION CRITERIA 
TO EVALUATE THE INTRAPERITONEAL 
DIFFUSION OF THE DISEASE
Residual disease after primary surgery is one of  the most 
important prognostic factors in advanced ovarian cancer 
patients. However, a certain percentage of  women, rang-
ing between 25% and 90%[6,7], are not suitable for opti-
mal cytoreduction after exploratory laparotomy, and are 
treated by neoadjuvant chemotherapy. To preoperatively 
identify patients with unresectable tumors, which can be 
spared an unnecessary exploratory laparotomy, several 
approaches have been attempted, including the evalua-
tion of  CA-125 serum levels and the radiological assess-
ment of  tumor spread. However, the accuracy of  these 
parameters has been unsatisfactory, and has been limited 
by the retrospective nature of  the studies and the highly 
variable rates of  optimal cytoreduction in different se-
ries[7]. In this context, a genetic analysis by microarrays 
has been attempted to identify some biologic character-
istics underlying the possibility of  optimal debulking, re-
sulting in a low predictive accuracy[8]. Laparoscopy is well 
known for offering a direct and magnified vision of  the 
peritoneal cavity and a better view of  the upper abdo-
men. It allows the pathological assessment of  the disease 
without an open surgical procedure, with a shorter op-
erating time, and better results in terms of  postoperative 
morbidity. Indeed, it has been demonstrated to be an 
effective procedure for restaging early ovarian cancer[9-11]. 
A recent pilot study by Fagotti et al[12] demonstrated that 
laparoscopy is an adequate and reliable procedure for the 
assessment of  the chances of  optimal cytoreduction (RT 
< 1 cm) in clinically advanced ovarian cancer patients. 
Since then, other investigators have been confirming the 
role of  laparoscopy in the evaluation of  the possibility 
of  achieving optimal residual disease in the same clini-
cal subset[13,14]. Subsequently, in a consecutive prospec-
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tive series of  113 advanced ovarian cancer patients, the 
presence of  omental cake, peritoneal and diaphragmatic 
extensive carcinomatosis, mesenteric retraction, bowel 
and stomach infiltration, and spleen and/or liver su-
perficial metastasis were investigated by laparoscopy. 
Each parameter received a score based on a specificity > 
75%, positive predictive value (PPV), negative predictive 
value (NPV) > 50%, and accuracy > 60% with respect 
to the chances of  achieving an optimal cytoreduction. 
By summing the scores relative to the presence of  every 
aforementioned parameter, an overall laparoscopic value 
for each patient (total predictive index value = PIV) was 
calculated. Sensitivity, specificity, PPV, NPV, and accu-
racy with respect to optimal RT were calculated for each 
PIV. Finally, the authors concluded that the proposed 
laparoscopic model appears a reliable and flexible tool 
to predict optimal cytoreduction in advanced ovarian 
cancer. More recently, this model has been applied in a 
different center from that in which it was developed[15]. 
The results from this study have shown that even when 
utilized in a different setting of  patients, the laparoscopic 
PIV can identify advanced ovarian cancer cases that are 
likely to be suitable for optimal debulking. 

SURGICAL PROCEDURES IN THE 
MANAGEMENT OF ADVANCED OVARIAN 
CANCER
Worldwide, there are more than two hundred thousand 
new cases of  ovarian cancer diagnosed annually, ac
counting for about 4% of  female cancers. 

In 1994, the National Institutes of  Health[16] con-
vened a 14-member panel of  experts in the management 
of  ovarian cancer to generate a consensus statement of  
recommendations. The panel concluded that: “Adequate 
and complete surgical intervention is a mandatory pri-
mary therapy for ovarian cancer, permitting precise stag-
ing, accurate diagnosis, and optimal cytoreduction. The 
procedure is best conducted by a qualified gynecologic 
oncologist, when there is a high probability of  ovarian 
cancer. All women with suspected ovarian cancer should 
be offered a preoperative consultation with a gynaeco-
logic oncologist”. During the past decade, compelling 
published work has accumulated to lend support to 
these consensus recommendations. These reports show 
that initial surgery for ovarian cancer is most appropri-
ately done by gynaecological oncologists, preferably in 
centers with expertise in the multidisciplinary manage-
ment of  this disease. Engelen et al[17] recently described 
a population-based observational study of  patterns of  
care for 680 women with ovarian cancer in the northern 
Netherlands. The patients were treated between 1994 
and 1997. The main objective of  the study was the effect 
of  surgery performed by a gynaecological oncologist on 
the quality of  surgery and survival outcome compared 
with surgery by a general gynaecologist without subspe-
cialty training. In all disease stages, patients received sur-
gical treatment according to prevailing surgical guidelines 

more frequently when operated on by a gynaecological 
oncologist. The risk of  death for patients who did not 
have surgery according to accepted guidelines was al-
most twice that for patients who had surgery according 
to the guidelines. In this study, patients with stage Ⅰ/Ⅱ 
disease were more likely to be staged by gynaecological 
oncologists than general gynaecological surgeons, result-
ing in a more accurate assignment of  disease stage and 
administration of  adjuvant treatment. For patients with 
stage Ⅲ disease, five-year survival was 32% when the 
guidelines were followed and 11% when guidelines were 
not (hazard ratio 1.97, 95% CI: 1.45-2.68, P < 0.001). 
Furthermore, more patients with stage Ⅲ disease had 
complete debulking (24% vs 12%) and reduced residual 
disease (< 2 cm) (62% vs 45%) by a gynaecological on-
cologist when compared to a gynaecologist. These data, 
as well as similar population-based studies, lend support 
to three main conclusions about the delivery of  cancer 
care services for women with suspected ovarian can-
cer[18-21]: (1) the disparity in survival outcomes according 
to the specialty of  operating surgeon, after confounding 
factors have been accounted for, supports the long-held 
hypothesis that the surgically-attained maximum diam-
eter of  residual disease is inversely proportional to sur-
vival outcome. Consequently, primary cytoreductive sur-
gery offers the best opportunity for achieving extended 
survival and should be considered the standard of  care 
for women with advanced-stage epithelial ovarian can-
cer; (2) the consistent and positive effect of  a surgeons’ 
specialty on survival provides irrefutable evidence that 
surgical care in ovarian cancer should be concentrated 
in centers with gynaecological oncologists. These surgi-
cal subspecialists have the necessary expertise to stage 
patients with early-stage disease as well as to perform 
the cytoreductive surgery necessary to achieve minimal 
residual disease in patients with advanced-stage tumors. 
Adequate and complete initial intervention is among the 
most powerful clinician-driven determinants of  survival 
for women with ovarian cancer; and (3) the above con-
clusions call for widespread and consistent support by 
the medical community and governmental organizations 
in recognising specialty training in gynaecological oncol-
ogy as a necessary component for comprehensive health 
care for women[22]. 

The standard of  therapy in patients with advanced 
ovarian cancer is the surgical exploration of  the pelvis and 
the upper abdomen and a maximum cytoreduction. The 
aim of  surgery is to remove all tumor-infiltrated organs 
including the peritoneum, bowel, spleen, hepatic tissue 
etc., thus surgery is not limited to the pelvis, the omentum 
and the lymph nodes. Bristow et al[23] showed that even 
in patients with un-resectable liver metastasis, optimal 
de-bulking of  extra-hepatic disease is associated with a 
significant survival advantage. Therefore, the intent of  
surgery is not to leave any macroscopic intraabdominal 
disease[24]. In a high percentage of  patients, this aim can 
be reached by an encouraged, ultraradical, consequent, 
multivisceral surgery. Eisenkop et al[24] achieved 85% of  
optimal cytoreduction in a series of  163 patients with 
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stage Ⅲ and Ⅳ ovarian cancer. In our opinion, the limit 
of  resectability can be defined by the extent of  miliaric 
carcinomatosis on the serosa of  the small bowel and 
by the infiltration of  the major abdominal vessels. In 
conclusion, we should answer a crucial question to 
support the role of  cyto-reduction in the management 
of  advanced ovarian cancer: is attainment of  an optimal 
outcome largely related to philosophy and skill of  
the surgeons or does it reflect a less aggressive tumor 
biology? These issues are still being studied and debated 
after more than 20 years. We believe that the better 
understanding of  tumor biology can help in the planning 
of  surgical strategy in cases of  recurrent ovarian cancer, 
but the patient’s general health, the presence of  diffuse 
carcinomatosis, and the surgical philosophy are correlated 
with the achievement of  an optimal surgical outcome.

NOVEL APPROACHES AND THE ROLE 
OF INTRAPERITONEAL CHEMOTHERAPY 
IN THE MANAGEMENT OF ADVANCED 
OVARIAN CANCER
Only about 50% of  patients show a complete clinical 
response to systemic platinum/taxol based chemotherapy, 
and 30% of  them have microscopic metastasis at second 
look surgery. Despite achieving clinical remission after 
completion of  initial treatment, most patients (60%) with 
advanced epithelial ovarian cancer will ultimately develop 
recurrent disease or show drug resistance, and their rate 
of  curability is less than 30%. The recurrence rate ranges 
between 30% and 50% for patients who show no lesion at 
the time of  second look surgery[25]. In these patients, the 
median disease-free survival is only 24 mo. 

These factors are major limitations in treatment of   
patients with ovarian cancer[26]. Different treatment moda
lities have been attempted to overcome these limits, 
such as secondary cytoreduction, second-line chemo
therapeutic drugs, high-dose chemotherapy, intraperitoneal 
chemotherapy (IP), radiotherapy, immunotherapy, and 
hormone therapy. In fact, it is conceivable that recurrences 
in platinum-responsive patients might be prevented by 
higher doses of  drugs to eradicate less sensitive clones of  
tumor cells that became resistant to platinum when lower 
doses are given during initial treatment[27].

To date, except for IP chemotherapy, none of  these 
approaches has been found to have a significant impact 
on survival. IP chemotherapy refers to the administra-
tion of  cytotoxic agents directly at the predominant 
disease site: the peritoneal cavity. The rationale is that a 
higher concentration of  cytotoxic drugs and longer du-
ration of  exposure can be achieved while reducing the 
toxicity normally associated with intravenous therapy. In 
fact, cytotoxic drugs administered IP can directly target 
tumor masses confined to the abdominal cavity, thus by-
passing the poor vascularization of  small-volume disease 
and, therefore, increasing peri- and intra tumoral drug 
concentration. Cisplatin can penetrate small-volume tu-

mors to a maximum depth of  1-3 mm; therefore, a ben-
efit of  this schedule can be obtained only for patients 
with microscopic residual disease. By the use of  large 
doses of  intraperitoneal cisplatin, the surface of  the tu-
mor can be exposed to high concentrations of  cisplatin 
with a sufficient amount of  drug leaking into the circula-
tion. Thus, the level of  drug reaching the tumor through 
capillaries is doubled compared with a maximally toler-
ated dose of  cisplatin delivered intravenously[28].

Two large phase Ⅲ trials published in 1996 and 2001 
have documented some outcome advantages for IP ther-
apy[29,30]. Recently, a 3rd randomized trial showed that IP 
chemotherapy provides better long-term outcome than 
Ⅳ drug delivery in patients with advanced ovarian can-
cer[31]. In the United States, the National Cancer Institute 
and the Society of  Gynecologic Oncologists have en-
dorsed the use of  intraperitoneal chemotherapy in recent 
position papers. However, some concerns have been 
raised about the use of  IP therapy: (1) the effectiveness 
of  IP therapy depends on uniform drug distribution. 
It is essential that fluid circulates freely throughout the 
peritoneal cavity. After cytoreductive surgery, the risk of  
IP adhesion formation is increased, which might limit 
the access of  the active drug to the tumor areas; and (2) 
various complications have been attributed to IP cath-
eter, such as infections. 

The intraoperative administration of  intraperitoneal 
chemotherapy has been designed to overcome such ob-
stacles. The use of  intraoperative intraperitoneal chemo-
therapy avoids the pitfalls of  postoperative adhesions 
and inconsistent drug distribution. Overall, intraopera-
tive chemotherapy allows optimal drug distribution to 
all peritoneal surfaces. This produces a regional pharma-
cokinetic advantage with the amount of  drug delivered 
to the tumor greater than that delivered systemically. 

Intraperitoneal hyperthermic chemotherapy (HIPEC) 
is a new treatment modality that is based on increasing 
the sensitivity of  cancer cells to the direct cytotoxic ef
fect of  chemotherapeutic agents at high temperature 
and increasing the concentration of  chemotherapeutic 
agents that penetrate cancer tissues[32-34]. In fact, it has 
been proved that high temperature damages cancer cell 
membranes and promotes cellular apoptosis by increas
ing the intracellular calcium concentration and DNA 
fragmentation. Another mechanism is the destabilization 
of  thymidine kinase 1, which is involved in DNA synthe
sis in cancer cells[35]. At 42℃, hyperthermia is cytotoxic 
by itself, increasing membrane permeability, inhibiting 
DNA repair, and promoting macrophage lysosomal 
exocytosis with consequent apoptosis[36]. The treatment 
modulates the activity of  cytokines[37], and increases the 
antigenicity of  tumor cells by the production of  heat shock 
proteins and the activation of  natural killer cells[38]. In  
conclusion, the biophysical effects of  HIPEC are: mem
brane protein denaturation, increased vascular perm
eability, and alterations of  multimolecular complex for 
DNA synthesis and repair. Moreover, the architecture 
of  the vasculature in solid tumors is chaotic, resulting in 
regions with low pH, hypoxia, and low glucose levels. This 
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microenvironment makes solid tumors more susceptible 
to hyperthermia[39]. 

Cisplatin has been shown to penetrate deeper into 
tumor tissue under hyperthermic conditions compared 
to normothermic conditions. At 40-43℃, neoplastic cells 
become more chemo-sensitive due to an enhancement 
of  intracellular concentrations of  drugs and to alterations 
in the DNA repair process, especially for alkylating ag
ents[40,41]. In addition, it has been shown that these events 
have a greater intensity in cisplatin-resistant rather than 
cisplatin-sensitive ovarian cancer cells lines. Formation 
of  platinum-DNA adducts after cisplatin exposure is 
enhanced in heated cells, thus resulting in relatively greater 
DNA damage[42]. 

The critical point of  this approach is cytoreduction 
down to nodules of  less than few millimetres, to allow 
HIPEC to act. The possible synergy between hyper
thermia and chemotherapy agents has sparked clinical 
trials utilizing this combination in many disease types. 
With regard to situations analogous with ovarian carci
noma, in which the disease may be widespread within 
the peritoneal cavity, studies in gastric cancer, malignant 
mesothelioma, appendix cancer, and colorectal cancer 
have shown promising results. A phase Ⅲ randomized 
study of  hyperthermic intraperitoneal chemotherapy 
following cytoreductive surgery compared with traditional 
iv chemotherapy in patients with peritoneal spread of  
colorectal carcinoma showed a statistically significant 
prolongation of  life in the experimental arm [43]. In 
addition, this combined treatment has been suggested as 
the standard of  care for peritoneal dissemination from 
neoplasm of  the appendix[44,45] and diffuse malignant 
peritoneal mesothelioma[46]. With long-term follow-up, 
cytoreductive surgery plus HIPEC is the only treatment 
associated with a cure for these diseases.

EOC is a logical target for directed intraperitoneal 
therapy in combination with heat, and there are reports 
of  clinical studies looking at hyperthermic intraperitoneal 
chemotherapy following surgical debulking in this 
disease[47-56]. In 2001, Hager et al[54] reported that HIPEC 
significantly increased the survival and response rates, 
and improved the quality of  life, in 36 stage Ⅲ and Ⅳ 
ovarian cancer patients who showed resistance to systemic 
chemotherapy. Deraco et al [57] reported that HIPEC 
significantly increased two-year survival to 55% and 
delayed tumor progression in 27 patients with recurrent 
ovarian cancer after extensive surgery to nodules less 
than 2.5 mm in diameter. Nevertheless, the few clinical 
studies looking at HIPEC following surgical debulking 
suffer from some limitations: relatively small numbers of  
patients, retrospective studies, different clinical settings 
and drugs. In fact, published data show that different 
groups of  patients have been often mixed together, in 
terms of  number of  recurrence (persistent, first, second, 
and third), type of  recurrence (single, multiple, and 
carcinosis) and PFI (platinum-sensitive or -resistant). 
More recently, we reported an interesting series on the 
use of  HIPEC and cytoreductive surgery in a specific 
setting of  patients, where ovarian cancer women at their 

first recurrence with a PFI of  at least 6 mo presented to 
a gynecological oncology referral centre[58]. All cases were 
strictly selected before inclusion in the protocol, utilizing 
AGO-DESKTOP Ⅱ criteria for secondary cytoreduction 
and performing an FDG-PET/CT and S-LPS in all cases 
before attempting surgery. The preoperative evaluation 
allowed a complete cytoreduction in 100% of  the patients 
(23 CC-0 and two CC-1), that is an excellent result when 
compared to 50% of  complete cytoreduction shown in a 
recent meta-analysis on secondary surgery[4]. As might be 
expected, this satisfying result was achieved at the cost of  
multiple organ resections, but peri-operative mortality and 
morbidity rates were 0% and 30%, respectively, which are 
well balanced with data reported in the recent literature, 
even if  cytoreductive surgery alone is considered[59]. In  
conclusion, considering the potential advantages of  
HIPEC associated with cytoreductive surgery and the low 
morbidity and mortality rates, such a promising approach 
should be encouraged for long-term survival in platinum-
sensitive recurrent ovarian cancer patients. We await larger 
prospective randomized studies with longer follow-up 
times.
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Abstract
Perioperative intraperitoneal chemotherapy in com
bination with cytoreductive surgery has been shown 
to be of benefit for treating selected patients with 
peritoneal surface malignancy. It has become a new 
standard of care in the management of diffuse malignant 
peritoneal mesothelioma and peritoneal dissemination of 
appendiceal malignancy. Numerous recent publications on 
carcinomatosis from colorectal cancer and gastric cancer 
identify groups of patients that would benefit from this 
local-regional approach for prevention and treatment of 
carcinomatosis. This review focuses on pharmacological 
information regarding intraperitoneal chemotherapeutic 
agents commonly used in gastrointestinal oncology.
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INTRODUCTION
In the past, pseudomyxoma peritonei, diffuse malignant 
peritoneal mesothelioma and peritoneal carcinomatosis 
from gastrointestinal cancer were considered lethal con-
ditions without curative treatment options. Over the last 
two decades, multi-modality treatments have evolved. 
Increasing utilization of  cytoreductive surgery combined 
with intraperitoneal chemotherapy as a treatment strat-
egy for the management of  peritoneal dissemination 
of  these malignancies has been regularly reported[1-15]. 
Benefits have been universally documented in phase Ⅱ 
studies. However, as of  this point in time, a uniformity 
of  the management for prevention or treatment of  
peritoneal surface malignancy using perioperative intra-
peritoneal chemotherapy has not been reached (Table 1). 
This review focuses on the pharmacological information 
available for intraperitoneal chemotherapeutic regimens. 

Both pseudomyxoma peritonei and diffuse malignant 
peritoneal mesothelioma tend to remain localized within 
the abdominopelvic cavities and extraperitoneal metastasis 
is rarely seen. Pseudomyxoma peritonei is characterized by 
abundant mucinous tumor masses combined with copious 
mucus ascites. The cancer cells accumulate at non-mobile 
anatomic sites or gravity dependent areas. In contrast, the 
surfaces of  the small bowel and its mesentery may remain 
free of  disease[16]. Diffuse malignant peritoneal meso-
thelioma arises from the serosal lining of  the abdominal 
cavity[7]. It is characterized by a diffuse pattern of  tumor 
nodules throughout the peritoneal cavity. 

Peritoneal implants are present in 10% of  patients 
with colorectal cancer at the time of  diagnosis[17]. Isolated 
peritoneal carcinomatosis of  colorectal cancer is a result 
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of  transcoelomic dissemination. The cancer cells pen-
etrate through the full thickness of  the colonic bowel wall, 
gain access to the peritoneal space, implant and grow on 
the peritoneum. Peritoneal involvement tends to be more 
extensive immediately surrounding the primary tumor. 

Sugarbaker described the concept of  “tumor cell 
entrapment”. In this hypothesis, cancer cells gain access 
to the peritoneal cavity as a result of  surgical trauma to 
a cancer specimen. During the early postoperative pe-
riod the cancer cells become entrapped by fibrin and are 
stimulated by inflammatory growth factors released dur-
ing the healing process[18]. As a result of  this mechanism 
of  cancer dissemination, approximately 30% of  gastric 
cancer patients after gastrectomy will develop resection 
site disease or peritoneal seeding. 

RATIONALE FOR PERIOPERATIVE 
INTRAPERITONEAL CHEMOTHERAPY
Cytoreductive surgery combined with perioperative in-
traperitoneal chemotherapy is indicated in a majority of  
patients with diffuse malignant peritoneal mesothelioma 
and pseudomyxoma peritonei and in selected patients 
with peritoneal dissemination of  colorectal cancer and 
gastric cancer. The fundamental goal of  intraperitoneal 
chemotherapy administration is to maximize the total 
amount of  drug delivered into the peritoneal tumor nod-
ules while minimizing that delivered to the systemic circu-
lation. The cytotoxic effects on peritoneal cancer nodules 
are the result of  direct physical contact with intraperito-
neal chemotherapy followed by penetration by diffusion. 
These events are influenced by the drug concentration 
in the chemotherapy solution, the ability of  the drug to 
penetrate the tumor and the rate of  elimination of  the 
drug from the tumor nodules into the systemic circula-
tion by capillary blood flow. Both natural or acquired drug 
resistance are important considerations in the long-term 
outcome of  these treatments.

Physical properties of perioperative intraperitoneal 
chemotherapy
The physical-chemical properties of  chemotherapeutic 
agents administered intraperitoneally should have larger, 
hydrophilic and ionized compounds. These molecules 
tend to clear more slowly from the peritoneal cavity 
than smaller, lipophilic and unionized compounds[19]. 
Therefore, the drugs selected for intraperitoneal admin-
istration tend to maintain a significantly greater concen-
tration over a longer period of  time in the peritoneal 
fluid than in plasma. This increases the exposure of  the 
tumor nodules to a maximal dose of  intraperitoneal che-
motherapy, without necessarily an increase in systemic 
toxicity. 

Mechanism of drug penetration
When drugs are delivered via the intraperitoneal route, 
they penetrate tumor nodules by passive diffusion. Active 
transport has not been shown to be important in intraper-
itoneal chemotherapy gaining access to the tumor nodules. 

The depth of  penetration achieved by passive diffusion is 
limited. Experiments suggest that the depth of  penetra-
tion may be only a few cell layers to perhaps 2 to 3 mm[20]. 
As a result, the greatest clinical benefit will only occur in 
patients having complete eradication of  all macroscopic 
disease by surgery. The smallest possible tumor nodules 
remain to be eradicated by intraperitoneal chemotherapy. 

Timing of perioperative intraperitoneal chemotherapy
The timing of  intraperitoneal chemotherapy administra-
tion is critically important in achieving the best thera-
peutic outcomes. Currently, two time periods are utilized 
for intraperitoneal administration - intraoperative and 
early postoperative. Drugs selected for intraoperative use 
generally have three requirements. They are augmented 
by heat and can cause a cytotoxic effect to cancer cells 
within 60 to 90 min independent of  cell division[21,22]. 
Heat is used because it has a direct cytotoxic effect on 
cancer cells. In addition, hyperthermia causes an impor-
tant augmentation of  cell kill by certain drugs; conse-
quently it may markedly increase regional cytotoxicity 
of  the chemotherapeutic agents (Figure 1). Third, and 
perhaps most importantly, heat increases the penetration 
of  chemotherapy into cancer cells (Figure 2). 

The combination of  intraperitoneal chemotherapy 
used in the operating room with hyperthermia has been 
referred to by many different names: Heated intraopera-
tive intraperitoneal chemotherapy (HIIC); Intraperitone-
al hyperthermic chemotherapy (IPHC); or Hyperthermic 
intraperitoneal chemotherapy (HIPEC). In this review, 
HIIC was used.

In the early postoperative period, before the inevi-
table postoperative intraabdominal adhesive process 
occurs, chemotherapy can be delivered and drained via 
intraperitoneal catheters. During the first 7 postopera-
tive days the dwell may be continued for 12 to 24 h. 
Its distribution is relatively uniform throughout the 
abdominal cavity. This plan for chemotherapy adminis-
tration is known as “early postoperative intraperitoneal 
chemotherapy (EPIC)”. The drugs should have a large 
molecular weight so that they are maintained within the 
peritoneal cavity for a longer period of  time. EPIC is 
usually continued for several days, and consequently cell 
cycle specific drugs can be used[17].

HEATED INTRAOPERATIVE 
INTRAPERITONEAL CHEMOTHERAPY 
Mitomycin C
Mitomycin C is the most common agent used for HIIC in 
the treatment of  patients with peritoneal carcinomatosis 
from appendiceal and colorectal cancers and is used in 
conjunction with other drugs for gastric malignancy. It is 
an antitumor antibiotic, with approximately 90% of  the 
drug absorbed within the 90-min intraperitoneal irrigation. 
Its molecular weight is 334 and the area under the curve 
ratio between intraperitoneal concentration over plasma 
concentration times time is approximately 30 (Figure 3)[23]. 
The depth of  tissue penetration achieved by mitomycin C 
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is up to 6 cell layers. It is rarely administered intravenously, 
as it has a high systemic toxicity profile. The renal toxici-
ties of  this drug can be prevented with forced diuresis 
intraoperatively and the hemolytic uremic syndrome has 
never been reported following intraperitoneal administra-
tion. Mitomycin C has potential adverse effects on wound 
healing, which can contribute to bowel perforation from 
anastomotic leak or fistula formation[24,25].

Currently, there has been a standardized dosage of  mi-
tomycin C established. In Amsterdam, it is administered 
at 30 mg/m2 to 40 mg/m2 as a single agent. In Washing-
ton, when combined with EPIC 5-fluorouracil the dose 
is recommended at 15 mg/m2. Data regarding long-term 
survival reflecting the dose-response effects of  intraperi-
toneal mitomycin C are difficult to interpret[26]. Some con-

fusion regarding dosimetry and toxicity may be clarified 
by a recent study on pharmacokinetic changes induced by 
the volume of  chemotherapy solution. In patients treated 
with hyperthermic intraperitoneal mitomycin C, the vol-
ume of  carrier solution has a direct effect on systemic 
toxicity. Not only the dose of  mitomycin C, but also the 
volume of  chemotherapy solution should be determined 
by the patients’ body surface area (Figure 4)[27]. Based on 
this study, a standardized protocol involving 15 mg/m2 of  
mitomycin C in 1.5 L/m2 carrier solution for all patients 
has been implemented at the Washington Cancer Institute 
in order to achieve maximal therapeutic effects and more 
predictable systemic toxicities. This dose of  HIIC mito-
mycin C is routinely combined with 600 mg/m2 per day 
for 5 d of  5-fluorouracil. 

Results of treatment with mitomycin C
Xu and colleagues have recently suggested, in a meta-
analysis, an improved management of  advanced gastric 

Table 1  Major series on IPHC and/or EPIC after cytoreductive surgery for PMP, DMPM, and CRPC

Chief investigator Year Treatment center Type n Intraperitoneal chemotherapy Survival (%)

3-yr 5-yr

Piso et al[1] 2001 Hanover, Germany PMP   17 IPHC: cisplatin 75 -
Butterworth et al[2] 2002 Vancouver, Canada PMP   11 EPIC: 5-FU + mitomycin 60 -
Witkamp et al[3] 2001 Amsterdam, Netherlands PMP   46 IPHC: mitomycin 81 -
Sugarbaker et al[4] 2001 Washington, USA PMP 501 EPIC: 5-FU + mitomycin

IPHC: mitomycin
- 80

Loggie et al[5] 2001 Winston-Salem, USA DMPM   12 IPHC: mitomycin 50 -
Sebbag et al[6] 2000 Washington, USA DMPM   33 IPHC: cisplatin + doxorubicin 56 47
Sugarbaker et al[7] 2003 Washington, USA DMPM   68 IPHC: cisplatin + doxorubicin

EPIC: paclitaxel
60 50

Feldman et al[8] 2003 Bethesda, USA DMPM   49 IPHC: cisplatin ± paclitaxel - 59
Fujimura et al[9] 1999 Kanazawa, Japan CRPC   14 IPHC: cisplatin + mitomycin + etoposide 21 -
Witkamp et al[10] 2001 Amsterdam, Netherlands CRPC   29 IPHC: mitomycin 23 -
Elias et al[11] 2001 Villejuif, France CRPC   64 IPHC: mitomycin ± cisplatin

EPIC: mitomycin + 5-FU
47 27

Pestieau et al[12] 2000 Washington, USA CRPC 104 IPHC: mitomycin
EPIC: 5-FU

45 30

Zoetmulder et al[13] 2002 Amsterdam, Netherlands CRPC   94 IPHC: mitomycin - 30
Shen et al[14] 2004 Winston-Salem, USA CRPC   77 IPHC: mitomycin 25 17
Glehen et al[15] 2004 Multi-institutions CRPC 506 IPHC or EPIC - -

IPHC: Intraperitoneal hyperthermic chemotherapy; EPIC: Early postoperative intraperitoneal chemotherapy; PMP: Pseudo-myxoma peritonei; DMPM: 
Diffuse malignant peritoneal mesothelioma; CRPC: Colo-rectal peritoneal carcinomatosis.
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Figure 1  Tumor growth time with intraperitoneal chemotherapy alone vs 
heated intraperitoneal chemotherapy at 41.5℃. Tumor growth is delayed in 
heated intraperitoneal chemotherapy.
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cancer when HIIC is used in conjunction with complete 
resection (Hazard ratio: 0.51 and 95% confidence inter-
val: 0.40-0.65)[28]. In 8 of  the 11 studies, mitomycin C was 
used. Results of  treatment with colorectal carcinomatosis 
patients who entered in a phase Ⅲ randomized study 
of  HIIC with mitomycin C have been reported by the 
Netherlands Cancer Center[15]. Patients with colorectal 
carcinomatosis were randomized to undergo systemic 
5-fluorouracil/leucovorin therapy with or without pal-
liative surgery versus cytoreduction, HIIC and systemic 
chemotherapy. A median survival of  12.6 mo was seen in 
the control arm, whereas the median survival of  the HIIC 
arm was 22.3 mo (P = 0.032). The improved survival 
results from combined treatment with cytoreductive sur-
gery and HIIC cannot be attributed to the effect of  HIIC 
alone. However, at least in part, HIIC with mitomycin 
C has contributed to the prolonged median survival of  
colorectal carcinomatosis patients. 

Doxorubicin
Doxorubicin is another antitumor antibiotic and is one 
of  the earliest intraperitoneal chemotherapeutic agents 
used in clinical trials. Its molecular weight is 580 and the 
area under the curve ratio of  intraperitoneal to intrave-
nous concentration times time is 230. It is metabolized 
as a single pass through the liver so there is a low likeli-
hood of  systemic toxicities. Doxorubicin is augmented 
with heat and tissue penetration is at least five cell layers. 
This drug is ideally suited for intraperitoneal administra-
tion after a maximal attempt of  cytoreduction[29,30]. It can 
also be used effectively with other intraperitoneal drugs, 
such as cisplatin and mitomycin C without pharmaco-
logical incompatibility. 

Doxorubicin has a sclerosing effect on peritoneal 
surfaces. Sugarbaker and co-workers conducted a dose es-
calation study with pharmacokinetic monitoring of  intra-
peritoneal doxorubicin and they demonstrated that a total 
dose of  15 mg/m2 results in a thin layering of  fibrosis on 
the peritoneal surfaces. These adhesions are not extensive 
enough to cause abdominal pain or intestinal obstruc-
tion[31,32]. With the proper dosage, this sclerosing effect can 
be used for treating patients with debilitating ascites when 

combined with cisplatin (50 mg/m2). At the Washington 
Cancer Institute, this combination at 41.5℃ in 1.5 L of  
chemotherapy solution is a standard regime for patients 
with diffuse malignant peritoneal mesothelioma[33].

Recent pharmacokinetic studies demonstrated that the 
doxorubicin content in small mesothelioma nodules far 
surpassed that measured in the peritoneal fluid (Figure 5). 
An active uptake of  doxorubicin by mesothelioma tumor 
nodules was proposed and would be expected to result in a 
maximal response[34].

Cisplatin
Cisplatin is an alkylating agent. It has been used by in-
traperitoneal administration for treating gastric cancer, 
ovarian cancer and diffuse malignant peritoneal mesothe-
lioma[35]. Its molecular weight is 300 and the area under 
the curve ratio of  intraperitoneal concentration to plasma 
concentration times time is approximately 10 (Figure 6). 
Although the area under the curve ratio is not as striking 
as some of  the other intraperitoneal drugs, it can be used 
synchronously with many other agents. Its cytotoxicity is 
augmented by heat up to 3 times at 41.5℃[36]. It can effec-
tively penetrate tumor nodules up to 3 mm. Currently, all 
patients with diffuse malignant peritoneal mesothelioma 
managed at our institution with cytoreductive surgery are 
given HIIC with doxorubicin and cisplatin. 

Results of treatment with doxorubicin and cisplatin
The most recent update has shown that the median survival 
of  100 consecutive patients with diffuse malignant peritoneal 
mesothelioma was 50 mo and the 5-year survival rate was 
44%. This survival statistic should be compared to historical 
controls with this disease who have a median survival of  one 
year. In this study, all patients were given a combination of  
cisplatin plus doxorubicin. It is not possible to show the iso-
lated effect of  cisplatin in a majority of  reports.

Melphalan
Melphalan is a well-known antineoplastic alkylating agent 
that has been used to treat cancer patients for over 50 
years and it remains the most effective single drug used in 
heated limb perfusion for in-transit metastases from mela-
nomas and advanced primary or recurrent extremity soft 
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tissue sarcomas[37-39]. Its molecular weight is 334 and the 
area under the curve ratio of  intraperitoneal concentration 
to plasma concentration times time is approximately 93. 
It has remarkably increased pharmacological activity with 
heat in both in vitro and in vivo studies[22,40,41]. Glehen and 
colleagues showed that hyperthermia has little effect on 
intraperitoneal or plasma concentration of  melphalan, and 
there was a significant increase in tissue penetration of  
this drug with heat[40]. Melphalan exerts its antineoplastic 
effect through the formation of  interstrand DNA cross-
links. It is believed that the formation of  these DNA 
cross-links is promoted at increased temperatures, leading 
to enhanced cell killing. Recent phase Ⅰ/Ⅱ clinical trials 
using melphalan in patients with small volume residual 
carcinomatosis post cytoreductive surgery at a dose of   
70 mg/m2 have been completed at our institution. 

Figure 7 shows the pharmacokinetic profile of  mel-
phalan given intraperitoneally at 70 mg/m2 in 3 L of  1.5% 
dextrose peritoneal dialysis solution at 42℃ for 90 min. 
Pharmacokinetic studies showed that the drug concentra-
tion in the tumor nodules was approximately 30% of  the 
intraperitoneal concentration and 10 times the plasma 
concentration[41].

EARLY POSTOPERATIVE 
INTRAPERITONEAL CHEMOTHERAPY
5-Fluorouracil
5-Fluorouracil is routinely used with EPIC for peritoneal 
carcinomatosis from numerous gastrointestinal malignan-
cies. It is an antimetabolite that is incorporated into the 
DNA, which then causes chain termination. Its molecular 
weight is 130 and the area under the curve is 250. It is 
metabolized by a single pass through the liver, so that the 
systemic toxicity is very limited. Caution must be used in 
patients having liver dysfunction. When used as a single 
agent, the dose can be as high as 800 mg/m2 per day for 
5 d. When administered in patients after having had HIIC 
with mitomycin C, the dose is reduced to 650 mg/m2[30]. 
Pestieau and colleagues demonstrated that the clearance 
of  5-FU from the peritoneal cavity could be significantly 

reduced with using hypertonic and high molecular weight 
carrier solutions[42]. This would, in turn, prolong 5-FU 
availability in the peritoneal cavity. It has also been report-
ed that intraperitoneal 5-FU may play a role in preventing 
postoperative intraperitoneal adhesions and the clinical 
implications of  this finding deserves more attention[43].

Paclitaxel
Paclitaxel is an antimitotic drug that stabilizes micro-
tubules and inhibits their depolymerization for free 
tubulin. Its molecular weight is 862 and the area under 
the curve ratio is 1000. It can penetrate more than 80 
cell layers and is extremely favorable for intraperito-
neal use[44]. At our institution, EPIC with paclitaxel has 
been routinely used since 1998 for patients with diffuse 
malignant peritoneal mesothelioma. It is instilled as a 
lavage into the peritoneal cavity; gravity distribution is 
encouraged by the patient’s movement from side to side 
for the first 6 h of  the 23 h dwelling[33]. This treatment 
is repeated daily for the first 5 postoperative days. By 
the intention to treat principle, all patients are to receive 
EPIC with paclitaxel, unless they experience periopera-
tive complications early in the postoperative period. 

Mohamed and co-workers studied the use of  6% he-
tastarch as the carrier solution for paclitaxel. Because he-
tastarch is a larger molecule, its clearance from the peri-
toneal cavity was reduced, as compared to peritoneal di-
alysis solution. By maintaining an artificial ascites, hetas-
tarch increased the exposure of  peritoneal surfaces to pa-
clitaxel; the volume of  carrier solution was increased and 
the drug concentration remained unchanged (Figure 8)[45].  
This is likely to further increase the tumor response to 
paclitaxel.

Stuart and colleagues recently found that the car-
cinogen diethylhexylphthalate (DEHP) is leached by a 
paclitaxel chemotherapy solution from polyvinyl chlo-
ride based containers. Because DEHP is present in all 
soft plastic tubing, precautionary steps must be taken or 
the carcinogen may be transferred to patients receiving 
intraperitoneal paclitaxel[46]. They recommended using 
non-DEHP containing plastic for paclitaxel delivery. 
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Figure 5  Pharmacokinetic profile of heated intraoperative intraperitoneal 
doxorubicin showing that the doxorubicin concentration in the tumor 
nodule is higher than that in the peritoneal fluid.

Figure 6  The area under the curve ratio of intraperitoneal concentration 
over plasma concentration times time of heated intraoperative intraperi­
toneal cisplatin is approximately 10.
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FUTURE DIRECTIONS
Neoadjuvant intraperitoneal chemotherapy for gastric 
cancer
Recently, Yonemura and co-workers reported using 
combined systemic and intraperitoneal chemotherapy 
(bi-directional) for patients with gastric peritoneal carci-
nomatosis who were unable to have a complete cytore-
duction due to the extensive nature of  their disease[47]. 
Subsequently, they selected patients who responded to 
the neoadjuvant chemotherapy to undergo further cy-
toreductive surgery. The concept of  this new approach, 
using neoadjuvant intraperitoneal chemotherapy to 
downstage those patients who are chemosensitive, is 
appealing. They reported that a complete cytoreduction 
was achieved in 25% of  treated patients and this resulted 
in a prolonged survival. 

As in many different peritoneal surface malignancies, 
completeness of  cytoreduction was an important 
factor determining overall survival. It is related to the 
pretreatment tumor load, aggressiveness of  the tumor 
and surgeon’s technical ability. In patients with peritoneal 
dissemination involving the small bowel and small bowel 
mesenteric surfaces, it is almost impossible to remove all 
visible tumor nodules, and at the same time to preserve 
sufficient length of  small bowel to ensure adequate 
nutrition. Neoadjuvant chemotherapy may have a 
useful role in this subgroup of  patients to downstage 
the tumor load on the small bowel and its mesentery. 
Selecting those who responded to the intraperitoneal 
chemotherapy to undergo further cytoreduction may 
result in an improved overall survival.

Bi-directional intraoperative chemotherapy
Another use of  bi-directional chemotherapy delivery has 
been proposed by Elias and colleagues. This involves the 
administration of  intravenous chemotherapy simultane-
ous with HIIC[48]. The intravenous drug that is chosen is 
also augmented by heat and is delivered to the peritoneal 
tumor nodules through capillary flow. This is “hyper-

thermic targeting” of  intravenous chemotherapy to the 
peritoneal surface. In this concept, tumor nodule pen-
etration is not only from the surface by passive diffusion, 
but also from within by capillary flow. A study has been 
initiated to investigate HIIC of  cisplatin and doxorubicin 
combined with intravenous ifosfamide after cytoreduc-
tive surgery for peritoneal dissemination of  advanced or 
recurrent epithelial ovarian cancer and papillary serous 
carcinoma. It is hoped that this bi-directional hyperther-
mic local-regional treatment will result in improved sur-
vival of  these patients. The agents most recommended 
for heat synergy are melphalan, ifosfamide and cyclo-
phosphamide. These drugs may double their cytotoxicity 
for cancer cells when used with hyperthermia[36].

Adjuvant intraperitoneal chemotherapy
Surgery for gastrointestinal cancer is associated with an 
extremely high local recurrence rate. The mechanism 
whereby a large proportion of  patients have disease 
recurrence confined to the resection site and peritoneal 
surfaces is related to traumatic dissemination of  tumor 
emboli within the peritoneal cavity, and the implantation 
of  these tumor emboli within the fibrinous exudates that 
accumulate at the resection site and on abraded perito-
neal surfaces. Sources for these intraabdominal tumor 
emboli include coelomic perforation at the primary can-
cer site, severed lymphatic channels during surgery and 
disrupted tissue emboli within the blood loss from tu-
mor specimen. Yu and co-workers reported an improved 
survival in patients who received adjuvant intraperitoneal 
chemotherapy for advanced gastric cancer[18,49]. It is likely 
that both HIIC and EPIC will benefit these patients with 
a high risk of  intraperitoneal recurrence.

Standardization of treatment regimens for multi-
institutional studies
Other drugs have been used for HIIC or EPIC by other 
groups around the world. Also, two chemotherapy agents 
have been approved by the FDA for intraperitoneal ad-
ministration. These drugs are cyclophosphamide and 
nitrogen mustard. Currently, neither of  these drugs are 
used regularly for treating patients with peritoneal surface 

Figure 7  Pharmackinetics of HIIC with melphalan. Pharmacokinetic profile of 
melphalan given intraperitoneally at 70 mg/m2 in 3 L of 1.5% dextrose peritoneal 
dialysis solution at 42℃ for 90 min. Pharmacokinetic studies showed that the drug 
concentration in the tumor nodules was approximately 30% of the intraperitoneal 
concentration and 10 times the plasma concentration.
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malignancy. A new drug that has been piloted in Villejuif  
by Elias and his colleagues is oxaliplatin[48]. Pharmacologic 
doses are used over a short time period in an attempt to 
increase drug penetration into the tumor. DeBree and 
colleagues have used docetaxel with heat[50]. Although 
docetaxel is not heat-augmented, it is possible that the hy-
perthermia will increase drug penetration into tumor nod-
ules. Groups in Japan have used mitomycin C, cisplatin 
and etoposide, as a multi-drug chemotherapy solution[51]. 
Mitoxantrone has also been used by Link and colleagues 
in Wiesbaden in order to control debilitating ascites[52].

Although the rationale of  cytoreductive surgery 
combined with perioperative intraperitoneal chemotherapy 
is appealing, local-regional recurrence is common 
following this comprehensive treatment strategy. With 
new development and continuous evolution of  treatment 
plans, reduced perioperative morbidity and mortality, 
along with increased disease-free survival and overall 
survival results are possible. A change in the management 
approach for patients with peritoneal surface malignancy 
is necessary. In contrast to the historical data, where the 
survival for patients with peritoneal dissemination was 
uniformly disappointing, survival has markedly improved 
with the new comprehensive treatments. It is necessary 
to form a multidisciplinary approach to assess patients 
with peritoneal surface malignancy. A medical oncologist 
should consult a surgeon in regard to the management 
of  these patients before initiating a palliative approach 
with systemic chemotherapy. Systemic chemotherapy 
has been repetitively shown to be of  no survival benefit. 
For future studies, many important issues, such as 
selection of  drugs, potency of  multiple agents, optimal 
degree of  hyperthermia, concentration and duration of  
intraperitoneal chemotherapy, need to be clarified.
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Abstract
AIM: To identify genetic polymorphisms in the promoter 
region of the human base excision repair gene NEIL1 in 
gastric cancer patients.

METHODS: The NEIL1 promoter region in DNA from 
80 Japanese patients with gastric cancer was searched 
for genetic polymorphisms by polymerase chain 
reaction-single-strand conformation polymorphism and 
subsequent sequencing analyses.

RESULTS: Three novel genetic polymorphisms, i.e. 
c.-3769C>T, c.-3170T>G, and c.-2681TA[8], were 
identified in the NEIL1 promoter region at an allele 

frequency of 0.6%, 9.4%, and 4.4%, respectively, in 
Japanese gastric cancer patients.

CONCLUSION: Three NEIL1 promoter polymorphisms 
detected in this study may be of importance in gastric 
carcinogenesis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Stomach tissue is exposed to oxidative stress, includ-
ing inflammation induced by Helicobacter pylori infection, 
sodium chloride, and smoking[1-5]. Since severe oxida-
tive stress leads to accumulation of  huge amounts of  
damaged bases[6-9], maintenance of  a system to repair 
damaged bases in the stomach is thought to be impor-
tant. The base excision repair protein NEIL1 has activ-
ity that is capable of  removing oxidatively damaged 
bases, including thymine glycol, 5-hydroxyuracil, urea, 
formamidopyrimidine-A, and formamidopyrimidine-G, 
which have been shown to cause mutagenesis and cell 
death[10-14]. We have recently demonstrated somatic inacti-
vating NEIL1 mutations and reduced NEIL1 expression 
in a subset of  gastric cancers, suggesting that reduced 
NEIL1 activity is involved in gastric carcinogenesis[15]. In 
a recent investigation of  the NEIL1 expression system 
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an approximately 1.2 kb sequence upstream of  the tran-
scriptional initiation site of  the NEIL1 gene was shown 
to have promoter activity by a luciferase reporter assay 
in human cells[16]. However, since no genetic polymor-
phisms have been reported in the promoter region thus 
far and genetic polymorphisms in the region may be of  
importance in gastric carcinogenesis, we tried searching 
DNA extracted from the blood of  80 gastric cancer pa-
tients for NEIL1 promoter polymorphisms.

MATERIALS AND METHODS
Samples
Blood samples from 80 gastric cancer patients were 
obtained from hospitals in Nagano Prefecture, Japan, 
and genomic DNA was extracted from them with 
a DNA Extractor WB Kit (Wako, Osaka, Japan)[17]. 
The baseline characteristics of  the patients have been 
described previously[17]. This study was approved by the 
Institutional Review Boards of  Hamamatsu University 
School of  Medicine and the National Cancer Center.

Polymerase chain reaction (PCR)-single-strand 
conformation polymorphism (SSCP) and sequencing 
analyses
PCR-SSCP analysis was used to examine the DNA 
samples for genetic polymorphisms in the NEIL1 
promoter region. An approximately 1.2 kb 5' upstream 
sequence that was shown to have promoter activity in a 
previous study[16] was divided into 8 regions (Figure 1A), 
and each region was amplified by PCR with HotStarTaq 
DNA polymerase (QIAGEN, Valencia, CA, USA). The 
primer sets used were: 5'-CAAATATTGCAGTCTGA
AAGGGG-3' and 5'-GAAACTGATCAAGACAGGG
GC-3' for region 1, 5'-GTTTTCTAATGCAGAGGTC
TGG-3' and 5'-TACAGGGATAAGCCACTA CGC-3' 
for region 2, 5'-CCTCCTGATATGATGCAATTC-3' 
and 5'-CACTCCCAGCTGATTTTTG-3' for region 
3, 5'-ATGGTGAAACCCCGTCTCTAC-3' and 5'-T
GCTGGGAATTAGATCTAAAGGC-3' for region 4, 
5'-AGCACCTAGGAAGTATCCCTG-3' and 5'-GTCTC
AGCCAGTTGTTGTTTG-3' for region 5, 5'-CAAATT
GAGAATGTGATGCAGC-3' and 5'-CAGATTTCCCC
AATTGTCCC-3' for region 6, 5'-TGACCCATGATTG
TAGCCTG-3' and 5'-GAGGTTTCGCCT TGTTGG-3' 
for region 7, and 5'-GAGGCGGGCAGATTACTT 
G-3' and 5'-CTCACTGCAGCC TCCACTTC-3' for 
region 8. The PCR products of  regions 4 and 6 were 
digested with restriction enzymes MvaI (New England 
Biolabs, Beverly, MA, USA) and AvaI (New England 
Biolabs), respectively, in order to adjust their size to  
< 230 bp before SSCP. The PCR products of  all regions 
were diluted with two volumes of  loading solution, 
and after applying them to 8% polyacrylamide gels in 
the presence or absence of  5% glycerol, the products 
were electrophoresed at room temperature and 4℃ and 
detected by silver staining. PCR products exhibiting 
an abnormally shifted band in the SSCP analysis were 
directly sequenced with a BigDye Terminator Cycle 

Sequencing Reaction Kit (Applied Biosystems, Tokyo, 
Japan) and an ABI 3100 Genetic Analyzer (Applied 
Biosystems). A PCR product of  region 7 was also 
sequenced after subcloning into a pGEM-T Easy vector 
(Promega, Madison, WI, USA). The reference nucleotide 
sequence is accession number NM_024608. Deviation 
of  the genotype distribution from Hardy-Weinberg 
equilibrium (HWE) was tested by using SNPAlyze 
software (Dynacom, Yokohama, Japan).

RESULTS
We searched for genet ic polymorphisms in the 
region containing NEIL1 promoter activity by PCR-
SSCP analysis using blood samples derived from 80 
gastric cancer patients. Three genetic polymorphisms,  
c.-3769C>T, c.-3170T>G, and c.-2681TA[8], were 
identified in the NEIL1 promoter region at an allele 
frequency of  0.6%, 9.4%, and 4.4%, respectively 
(Figure 1B). The distribution of  the genotypes of  
these polymorphisms was in HWE. Examination 
of  the frequency of  the polymorphisms revealed a 
homozygote for the variant allele of  only one of  the three 
polymorphisms, c.-3170T>G, and in only one patient, 
indicating that the three polymorphisms in the NEIL1 
promoter are rare genetic polymorphisms. 

DISCUSSION
In this study, we found three novel promoter polymo
rphisms, c.-3769C>T, c.-3170T>G, and c.-2681TA[8]. None 
of  these polymorphisms has previously been reported 
or registered in the database of  the single nucleotide 
polymorphism (dbSNP) homepage of  the National Center 
for Biotechnology Information web site (web site : http://
www.ncbi.nlm.nih.gov/SNP/) or the database of  the 
Japanese single nucleotide polymorphism homepage (http://
snp.ims.u-tokyo.ac.jp/), indicating that they are novel genetic 
polymorphisms.

Interestingly, when we used Genomatix software 
(http://www.genomatix.de/matinspector.html) to 
search for transcription factors that putatively bind to 
the sequence containing these polymorphism sites, a 
sequence containing c.-3170T was predicted to bind 
to GATA binding factors and a sequence containing  
c.-2681TA[7] was predicted to bind to a GZF1, a TATA-
binding protein and LIM homeodomain factors. The 
change from c.-3170T to c.-3170G eliminates the binding 
site for GATA binding factors. On the other hand, 
although the change from c.-2681TA[7] to c.-2681TA[8] 
would appear to retain the sequence of  binding sites 
for the GZF1, TATA-binding protein, and LIM 
homeodomain factors, there are examples of  a change in 
the number of  repetitive sequences in a promoter being 
associated with a difference in the expression level[18]. 
Thus, these nucleotide changes may be associated with 
a difference in the NEIL1 expression level. Moreover, 
since some factors involved in the regulation of  the 
transcription level in human cells remain unknown, 
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the three NEIL1 promoter polymorphisms may be 
associated with differences in the NEIL1 expression 
level by binding to factors that have yet to be identified.

Most common genetic polymorphisms have been 
registered in various genetic polymorphism databases, 
such as dbSNP. However, as shown in this study, there 
appear to be many genetic polymorphisms that still 
have not been registered in databases, the reason being 
that many unregistered genetic polymorphisms are rare. 
Since finding rare and novel polymorphisms requires 
many human samples and repeating this kind of  study, 
the NEIL1 data presented in this study are very valu-
able for future studies, such as searches for alleles that 
increase the risk of  diseases and allele-specific expres-
sion analyses. Furthermore, NEIL1 protein plays a very 
important role in excision repair of  oxidatively damaged 
bases, which have been implicated in a wide variety of  
human cancer. Promoter polymorphisms in some DNA 
repair genes, including XRCC1, MLH1, and MSH2, 
have recently been reported to be associated with an 
increased risk of  cancer[19-21]. Like these examples, the 
novel NEIL1 promoter polymorphisms identified by 
screening gastric cancer patients in this study may be 
associated with increased risk of  gastric cancer. If  so, 
this information should be of  value in management to 
prevent the development of  gastric cancer in individuals 
with the risk allele. We are therefore planning to examine 

the NEIL1 promoter polymorphisms in the framework 
of  a gastric cancer case-control study in the future, and 
we are also planning to investigate the effect of  the poly-
morphisms on NEIL1 promoter activity.
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region of the human NEIL1 gene in gastric cancer patients and succeeded in 
identifying three novel genetic polymorphisms.
Research frontiers
Oxidized-DNA-base lesions have been implicated in carcinogenesis, and base 
excision repair proteins are involved in the repair of such lesions. The research 
frontier in the area of studying the relationship between the base excision repair 
genes and carcinogenesis lies in the discovery of genetic variants in the genes 
that are associated with increased cancer risk.
Innovations and breakthroughs
Stomach tissue is exposed to oxidative stress, including inflammation induced 
by Helicobacter pylori infection, sodium chloride, and smoking, and promoter 
polymorphisms in some DNA repair genes have been reported to be associated 
with increased cancer risk. However, there have been no reports of studies 
that have examined associations between NEIL1 promoter polymorphisms 
and gastric cancer risk. The identification of three novel NEIL1 promoter 
polymorphisms in this study should be of value for future research in this field.
Applications
The NEIL1 data presented in this study will be useful for various future studies, 
such as studies that evaluate the effects of NEIL1 polymorphisms on the risk of 
disease, haplotype analyses, and allele-specific expression analyses.
Peer review
This study investigated genetic polymorphisms in the human NEIL1 gene and 
identified three polymorphisms in the promoter region of the gene. Although 
the study did not determine whether the polymorphisms are specific for gastric 
cancer patients, and no functional analysis of the polymorphisms was performed, 
the polymorphisms identified are indeed novel, and the results may facilitate 
future research in this field. In conclusion, the results of this study are somewhat 
valuable, and the paper appears to be worth publishing as a brief communication.
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Abstract
Granular cell tumors, also called Abrikossof's tumors, were 
originally described by Abrikossof A in 1926. The first case 
of a pancreatic granular cell tumor was described in 1975 
and only 6 cases have been reported. We describe a case 
of granular cell tumor in the pancreas showing pancreatic 
duct obstruction. Because imaging studies showed 
findings compatible with those of pancreatic carcinoma, 
the patient underwent distal pancreatectomy. Histological 
examination showed that the tumor consisted of a nested 
growth of large tumor cells with ample granular cytoplasm 
and small round nuclei. The tumor cells expressed S-100 
protein and were stained with neuron-specific enolase 

and periodic acid-Schiff, but were negative for desmin, 
vimentin, and cytokeratin. The resected tumor was 
diagnosed as a granular cell tumor. To our knowledge, this 
is the seventh case of Granular cell tumor of the pancreas 
to be reported.

© 2010 Baishideng. All rights reserved.

Key words: Granular cell tumor; Pancreas; Diagnosis; 
Distal pancreatectomy

Peer reviewers: Hao-Dong Xu, MD, PhD, Associate Professor, 
Department of Pathology and Laboratory Medicine, Aab 
Cardiovascular Research Institute, 601 Elmwood Ave. Box 
626,Rochester, NY 14642, United States; Gary Y Yang, Associate 
Professor, Director, GI Radiation Medicine, Department of 
Radiation Medicine, Roswell Park Cancer Institute, Elm and 
Carlton Streets, Buffalo, NY 14263, United States.

Kanno A, Satoh K, Hirota M, Hamada S, Umino J, Itoh H, 
Masamune A, Egawa S, Motoi F, Unno M, Ishida K, Shimosegawa 
T. Granular cell tumor of the pancreas: A case report and review 
of literature. World J Gastrointest Oncol 2010; 2(2): 121-124  
Available from: URL: http://www.wjgnet.com/1948-5204/full/
v2/i2/121.htm  DOI: http://dx.doi.org/10.4251/wjgo.v2.i2.121

INTRODUCTION
Granular cell tumors (GCTs) are rare benign neoplasms of  
Schwann cell origin and have been found in virtually every 
location in the body, including breast[1], pituitary[2], central 
nervous system[3], respiratory tract[4], and gastrointestinal 
tract[5,6]. Supportive evidence that GCT arises from Sch­
wann cells comes from the findings[7,8] that GCT cells 
contain S-100 protein, a unique acidic protein that is 
present in Schwann cells and satellite cells of  ganglia but 
not often in nonneural soft tissue tumors. GCT of  the 
pancreas is extremely rare and, to date, only 6 cases have 
been reported. We report an additional case of  pancreatic 

Online Submissions: http://www.wjgnet.com/1948-5204office
wjgo@wjgnet.com
doi:10.4251/wjgo.v2.i1.121

World J Gastrointest Oncol 2010 February 15; 2(2): 121-124
ISSN 1948-5204 (online)

© 2010 Baishideng. All rights reserved.

121 February 15, 2010|Volume 2|Issue 2|WJGO|www.wjgnet.com



Kanno A et al . Pancreatic granular cell tumor

GCT and describe certain aspects of  its clinical, radiologic, 
and histologic features.

CASE REPORT
A 39-year-old woman presented with mild unspecific 
abdominal pain for about 1 mo. In a local hospital, she 
initially had ultrasound of  the abdomen, which identified 
a dilated main pancreatic duct from body to tail of  the 
pancreas. She was referred to our hospital for evaluation 
of  the pancreatic tumor. Twelve years previously, the 
patient underwent extraction of  the left adrenal gland for 
primary aldosteronism. Otherwise, her past medical history 
was noncontributory. By conventional ultrasonography, 
the tumor was revealed as a hypoechoic area in the body 
of  the pancreas. Endoscopic ultrasonography (EUS) 
showed a homogeneous solid mass with a regular border 
that appeared hypoechoic compared with the normal 
pancreatic parenchyma (Figure 1). Computed tomography 
(CT) demonstrated a 2 cm × 2 cm low-density lesion 
located in the body of  the pancreas with dilatation of  the 
main pancreatic duct. The early phase of  dynamic CT 
revealed a slightly less enhanced mass in the pancreatic 
body compared to normal pancreatic tissues (Figure 2A). 
However, the tumor demonstrated gradual enhancement 
at the delayed phase of  dynamic CT (Figure 2B). On 
magnetic resonance imaging (MRI), the tumor of  the 
pancreas body was hypointense on a T1-weighted image 
(Figure 3A). In contrast, the peripheral and central areas of  
the tumor were, respectively, hypointense and hyperintense 
on aT2-weighted image (Figure 3B). The mass did not 
infiltrate the portal vein or celiac artery. The patient 
underwent endoscopic retrograde cholangiopancreatogra
phy, which showed a normal proximal pancreatic duct and 
a stricture in the midpancreatic duct with a dilated distal 
pancreatic duct (Figure 4). Cytological examination on 
material from the region of  the narrowing was negative 
for malignant cells. Routine laboratory studies were 
normal. Carcinoembryonic antigen and cancer antigen 
19-9 remained in the normal range. The preoperative 
differential diagnosis was pancreatic tumor including 
pancreatic adenocarcinoma. Laparotomy revealed that the 
tumor originated from the pancreatic body. There was no 
extension to adjacent organs, and no metastatic lesions 
were found. Distal pancreatectomy and splenectomy 
were performed. Histological examination confirmed 
that the tumor was completely resected. The margin was 
free of  tumor cells, and none of  7 regional lymph nodes 
examined showed metastasis. The post-operative course 
was uneventful. Macroscopically, approximate 22mm × 
20mm × 20 mm in diameter of  whitish tumor was located 
in pancreatic body. The tumor encircled and narrowed the 
main pancreatic duct, and its upstream main pancreatic 
duct was dilated. Microscopic study showed a well-limited 
nodule made up of  large clusters of  benign cells with 
small nuclei and abundant granular cytoplasm (Figure 5A), 
which were weakly positive with the periodic acid-Schiff  
staining. S-100 protein staining was also positive in the cell 
cytoplasm by immunohistochemistry (Figure 5B). The 

final diagnosis was a granular cell tumor of  the pancreas 
narrowing the main pancreatic duct.

DISCUSSION
The first reported case of  granular cell tumor was in 
1926 by Abrikossoff[9]. The tumor was found in the 
skeletal muscle of  the tongue. Although this type of  
tumor is known to arise in every part of  the body, GCT 
of  the pancreas is very rare. Only six cases of  GCT of  
the pancreas had been reported[10-15] previously, and the 
characteristics of  these cases are sumarized in Table 1. 
Because of  the rarity of  pancreatic GCT, the characteristic 
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Figure 1  EUS image of pancreatic GCT. The tumor showed a homogeneous 
pattern and regular borders (arrow). EUS: Endoscopic ultrasonography; GCT: 
Granular cell tumor; MPD: main pancreatic duct; PV: portal vein.
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B

A

Figure 2  CT image of pancreatic GCT. A: CT showing poor enhancement of the 
tumor compared with that of the surrounding pancreatic parenchyma at early phase 
o dynamic CT (arrow); B: CT showing gradual enhancement of the tumor at delayed 
phase (arrowhead). CT: Computed tomography. 



epidemiology, clinical symptoms and radiological findings 
cannot be clarified. Although GCT is usually benign, 
malignant cases have been reported in subcutaneous leg 
tissue and esophagus (1%-2% of  all GCT)[16]. There are 
reports of  cases that have recurred or metastasized despite 
having a benign histological appearance. Although the 
morphology cannot reliably predict the biological behavior 
of  GCT, local recurrence, rapid growth to a size greater 
than 4 cm, and an infiltrative pattern of  growth should 
raise concerns about the possibility of  malignancy[17-19].

Histopathologically, the present case of  GCT showed 
diffuse oval tumor cells with low grade atypia and 
eosinophilic granules were found within the tumor cells. 

Positive PAS staining and immunohistochemical staining 
for S-100 protein and neuron specific enolase in the tumor 
provided the evidence for the diagnosis of  GCT[20,21].

The preoperative diagnosis of  pancreatic GCT is 
very difficult since, as mentioned, the characteristics of  
pancreatic GCT have not so far been clarified because this 
tumor is very rare. An accurate preoperative diagnosis of  
this tumor could not be made in all patients of  pancreatic 
GCT. In 6 cases of  pancreatic GCT, 3 patients had been 
misdiagnosed as having pancreatic cancer and resected 
surgically[12,13,15]. We also misdiagnosed this tumor as 
pancreatic cancer since it was seen as a low density mass in 
the pancreas which showed marked delayed enhancement 
during dynamic CT. In addition, ERCP demonstrated 
obstruction of  the main pancreatic duct by the tumor. 
Though obstruction of  the main pancreatic duct is one 
of  the characteristics of  malignant pancreatic tumors, 
this could not distinguish between malignant pancreatic 
tumors and pancreatic GCT since pancreatic GCT also 
exhibits obstruction of  the main pancreatic duct[11-13]. 
There were, however, image findings distinct from those 
generally observed in pancreatic carcinoma. For example, 
the tumor showed a mass with a regular border by EUS 
and with different intensity between the peripheral and 
central area on the T2-weighted image of  MRI. To our 
knowledge, there are no previous reports about the char­
acteristics of  MRI images of  pancreatic GCT. In another 
organ, Kudawara described a GCT of  the subcutis of  
the trunk showing as hypointense mass on T2-weighted 
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A

B

Figure 3  MRI findings of pancreatic GCT. A: The tumor showed a hypointense 
mass in the T1-weighted image (arrow); B: The surrounding and center of the 
tumor were hypointense and hyperintense on T2-weighted image, respectively 
(arrowhead). MRI: magnetic resonance imaging.

Figure 4  ERCP showing the stricture and the dilatation in the distal pancreatic 
duct (arrow). ERCP: Endoscopic retrograde cholangiopancreatography.

B

A

Figure 5  Histological findings. A: Microscopic study showed a well-limited nodule 
made of large clusters of benign cells with small nuclei and abundant granular 
cytoplasm; B: S-100 protein staining was positive in the cell cytoplasm. 



images since the tumor had abundant interstitial collagen 
fibers and a smaller amount of  cellular components[22]. In 
contrast, Mukherji described GCT of  the subglottic region 
appearing as heterogeneously increased signal intensity 
on T2-weighted images[23]. These findings of  MRI in 
other organs were inconsistent with those of  our case. 
Therefore, it is difficult to determine the characteristics of  
GCT since there are differences in the cellular density or 
surrounding area in every organ. Recently, it was reported 
that EUS- or CT-guided FNA is helpful for making the 
diagnosis of  a pancreatic tumor[24,25]. However, FNA could 
not confirm the final diagnosis of  GCT[14]. The final and 
exact diagnosis depends on the histopathological testing of  
the tissue specimen.

In conclusion, we experienced a case of  pancreatic 
GCT with obstruction of  the pancreatic duct. CT may be 
the best method to detect pancreatic GCT with respect 
to the location and size of  the tumor, but accurate 
preoperative diagnosis remains very difficult. Although 
GCT is a rare disease, we should consider the possibility 
of  GCT in the differential diagnosis of  less enhanced 
tumors of  the pancreas with pancreatic duct obstruction.

REFERENCES
1	 El Aouni N, Laurent I, Terrier P, Mansouri D, Suciu V, Delaloge 

S, Vielh P. Granular cell tumor of the breast. Diagn Cytopathol 
2007; 35: 725-727

2	 Menon G, Easwer HV, Radhakrishnan VV, Nair S. Symp
tomatic granular cell tumour of the pituitary. Br J Neurosurg 
2008; 22: 126-130

3	 Markesbery WR, Duffy PE, Cowen D. Granular cell tumors of 
the central nervous system. J Neuropathol Exp Neurol 1973; 32: 
92-109

4	 Thomas de Montpréville V, Dulmet EM. Granular cell tum
ours of the lower respiratory tract. Histopathology 1995; 27: 
257-262

5	 Onoda N, Kobayashi H, Satake K, Sowa M, Chung KH, Kitada 
T, Seki S, Wakasa K. Granular cell tumor of the duodenum: a 
case report. Am J Gastroenterol 1998; 93: 1993-1994

6	 Tohnosu N, Matsui Y, Ozaki M, Koide Y, Okuyama K, Kouzu 
T, Onoda S, Isono K, Horie H. Granular cell tumor of the 
esophagus--report of a case and review of the literature. Jpn J 
Surg 1991; 21: 444-449

7	 Johnston J, Helwig EB. Granular cell tumors of the gastroin
testinal tract and perianal region: a study of 74 cases. Dig Dis 
Sci 1981; 26: 807-816

8	 Seo IS, Azzarelli B, Warner TF, Goheen MP, Senteney 

GE. Multiple visceral and cutaneous granular cell tumors. 
Ultrastructural and immunocytochemical evidence of Schwann 
cell origin. Cancer 1984; 53: 2104-2110

9	 Abrikossoff A. Über Myome ausgehend von der quer
gestreiften willkürlichen Muskulatur. Virchows Archiv 1926; 
260: 215-233

10	 Wellmann KF, Tsai CY, Reyes FB. Granular-cell myoblastoma 
in pancreas. N Y State J Med 1975; 75: 1270

11	 Sekas G, Talamo TS, Julian TB. Obstruction of the pancreatic 
duct by a granular cell tumor. Dig Dis Sci 1988; 33: 1334-1337

12	 Seidler A, Burstein S, Drweiga W, Goldberg M. Granular cell 
tumor of the pancreas. J Clin Gastroenterol 1986; 8: 207-209

13	 Bin-Sagheer ST, Brady PG, Brantley S, Albrink M. Granular 
cell tumor of the pancreas: presentation with pancreatic duct 
obstruction. J Clin Gastroenterol 2002; 35: 412-413

14	 Méklati el-HM, Lévy P, O'Toole D, Hentic O, Sauvanet A, 
Ruszniewski P, Couvelard A, Vullierme MP, Caujolle B, 
Palazzo L. Granular cell tumor of the pancreas. Pancreas 2005; 
31: 296-298

15	 Nojiri T, Unemura Y, Hashimoto K, Yamazaki Y, Ikegami M. 
Pancreatic granular cell tumor combined with carcinoma in 
situ. Pathol Int 2001; 51: 879-882

16	 Vance SF 3rd, Hudson RP Jr. Granular cell myoblastoma. 
Clinicopathologic study of forty-two patients. Am J Clin Pathol 
1969; 52: 208-211

17	 Orlowska J, Pachlewski J, Gugulski A, Butruk E. A conservative 
approach to granular cell tumors of the esophagus: four case 
reports and literature review. Am J Gastroenterol 1993; 88: 
311-315

18	 Klima M, Peters J. Malignant granular cell tumor. Arch Pathol 
Lab Med 1987; 111: 1070-1073

19	 Jardines L, Cheung L, LiVolsi V, Hendrickson S, Brooks JJ. 
Malignant granular cell tumors: report of a case and review of 
the literature. Surgery 1994; 116: 49-54

20	 Cavaliere A, Sidoni A, Ferri I, Falini B. Granular cell tumor: 
an immunohistochemical study. Tumori 1994; 80: 224-228

21	 Mittal KR, True LD. Origin of granules in granular cell tumor. 
Intracellular myelin formation with autodigestion. Arch Pathol 
Lab Med 1988; 112: 302-303

22	 Kudawara I, Ueda T, Yoshikawa H. Granular cell tumor of the 
subcutis: CT and MRI findings. A report of three cases. Skeletal 
Radiol 1999; 28: 96-99

23	 Mukherji SK, Castillo M, Rao V, Weissler M. Granular cell 
tumors of the subglottic region of the larynx: CT and MR 
findings. AJR Am J Roentgenol 1995; 164: 1492-1494

24	 Rösch T, Braig C, Gain T, Feuerbach S, Siewert JR, Schusdziarra 
V, Classen M. Staging of pancreatic and ampullary carcinoma 
by endoscopic ultrasonography. Comparison with conventional 
sonography, computed tomography, and angiography. 
Gastroenterology 1992; 102: 188-199

25	 Yasuda K, Mukai H, Fujimoto S, Nakajima M, Kawai K. The 
diagnosis of pancreatic cancer by endoscopic ultrasonography. 
Gastrointest Endosc 1988; 34: 1-8

S- Editor  Li LF    L- Editor  Hughes D    E- Editor  Yang C

124WJGO|www.wjgnet.com February 15, 2010|Volume 2|Issue 2|

Kanno A et al . Pancreatic granular cell tumor

Table 1  Summary of the characteristics of the 6 cases of the granu;ar cell tumor of the 
pancreas found in the literature

Author Age Sex Locarization Size (mm) Treatment

Wellman et al[10] 29 M Head 6 × 4 × 3 -
Sekes et al[11] 31 F Head 5     Pancreaticojejunostomy
Seidler et al[12] 62 F Tail 7 × 5     Distal pancreatectomy
Bin-Sagheer et al[13] 50 F Body-Tail -     Distal pancreatectomy
Méklati et al[14] 26 F Body-Tail 5     Distal pancreatectomy
Nojiri et al[15] 58 M Head 13 Pancreatoduodenectomy
Present case 39 F Body 20     Distal pancreatectomy
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