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ABSTRACT

Peritoneal carcinomatosis has been considered a ter-
minal disease with a median survival time of 5.2–12.6
months. Systemic chemotherapy and cytoreductive
surgery (CRS) have long been used to treat macro-
scopic disease, with limited success. However, a com-
prehensive treatment approach involving cytroreductive
surgery and hyperthermic intraperitoneal chemotherapy
(HIPEC) has evolved into a novel approach for peritoneal
carcinomatosis. Surgery removes the primary cancer
and any dissemination within the peritoneal cavity

and adjuvant HIPEC eradicates macroscopic or mi-
croscopic tumor residue, thus reducing the risk for
recurrence. This approach offers a new potential
treatment option for patients with metastatic disease
confined to the peritoneum. The present review pro-
vides an update of the most recent data on the current
therapy for pseudomyxoma peritonei (PMP) and mu-
cinous colorectal adenocarcinoma (MCA) with meta-
static disease confined to the peritoneum. The
Oncologist 2010;15:836–844

INTRODUCTION

In the past, peritoneal carcinomatosis has been regarded as a
fatal manifestation of gastrointestinal cancer with a median
survival time of 5.2–12.6 months [1, 2]. Treatment options for
patients with unresectable metastatic disease have improved
significantly in the past decade. However, the management of
disease limited to the peritoneal cavity is controversial. Sys-
temic chemotherapy is palliative and generally provides lim-
ited improvement in survival. Currently, there are no

published data that outline the impact of new therapeutic reg-
imens when given to patients with mucinous gastrointestinal
adenocarcinomas with metastatic disease confined to the peri-
toneum. During the past decade, there has been a new multi-
modal therapeutic approach involving cytroreductive surgery
(CRS) and hyperthermic intraperitoneal chemotherapy
(HIPEC). In the 1990s, Sugarbaker et al. [3, 4] proposed CRS
and perioperative intraperitoneal (i.p.) chemotherapy as treat-
ment for peritoneal dissemination from appendiceal and co-

Correspondence: Heinz-Josef Lenz, M.D., F.A.C.P., Division of Medical Oncology, University of Southern California, Norris Compre-
hensive Cancer Center, Keck School of Medicine, 1441 Eastlake Avenue, Los Angeles, California 90033, USA. Telephone: 323-865-
3967; Fax: 323-865-0061; e-mail: lenz_h@ccnt.usc.edu Received February 22, 2010; accepted for publication May 25, 2010; first
published online in The Oncologist Express on July 23, 2010. ©AlphaMed Press 1083-7159/2010/$30.00/0 doi: 10.1634/theoncolo-
gist.2010-0052

TheOncologist®

Gastrointestinal Cancer

The Oncologist 2010;15:836–844 www.TheOncologist.com



lonic neoplasms. Over the last 5 years, international treatment
centers have published their prospective results showing a sur-
vival benefit for patients treated with CRS and HIPEC in the
management of peritoneal surface malignancies for
pseudomyxoma peritonei (PMP) and for those of colorectal
origin.

PMP and mucinous colorectal adenocarcinoma (MCA)
have a high propensity for spread limited to the peritoneal
surface, with similar patterns of distribution [5]. Therefore,
CRS and i.p. chemotherapy might be a potential treatment
option for the particular group of patients with PMP and
MCA with metastatic disease confined to the peritoneum.
However, combined treatment procedures are not standard-
ized and many variations exist in exposure techniques,
drugs, drug doses, duration, temperature, and flow rates [6].
In addition, there is ongoing controversy about the patho-
logical classification and prognosis of PMP and mucinous
colorectal cancer (CRC) [7–9].

The aim of this review is to provide an update of the
most recent data on the current therapy for PMP and MCA
with metastatic disease confined to the peritoneum.

GASTROINTESTINAL MUCINOUS ADENOCARCINOMA

PMP
PMP is a rare clinical disorder with an estimated incidence
of approximately one person per million per year. It is a lo-
coregional disease within the abdomen, characterized by
mucinous tumor on peritoneal surfaces producing exces-
sive amounts of mucinous ascites [10]. The mucinous fea-
ture in PMP is mucinous ascites and not intracellular mucin
accumulation in tumor cells. The primary tumor is predom-
inantly a minimally invasive appendiceal mucinous epithe-
lial neoplasm with a high propensity for spread to peritoneal
surfaces, but almost no lymphatic or hematogenous metas-
tases [11, 12]. The initial cancer dissemination is through
the wall of the appendix into the peritoneal space [13]. Tu-
mor cells from the ruptured appendiceal neoplasm are
spread throughout the peritoneal cavity by the i.p. fluid cur-
rent and gravity. The absence of adhesive characteristics on
the cell surface might explain such passive movement. Ac-
cumulation and the reproduction of free and implanted tu-
mor cells leads to progressive peritoneal mucinous tumor
and ascites, but invasion of the peritoneal surface usually
remains absent. The locoregional progression—also re-
ferred to as redistribution phenomenon [14]—of the cancer
results in a starvation phase of the disease and death result-
ing from the failure of intestinal function because of intra-
abdominal pressure, fistula formation, or infection [10]. In
the past it was a uniformly lethal condition.

Previously, PMP was applied as a pathologic diagnostic

term to both benign and malignant mucinous appendiceal
neoplasms, resulting in a variable and poor prognosis. With
the recognition that a broad spectrum of aggressiveness ex-
ists within PMP, Ronnett et al. [9] proposed three patholog-
ical subtypes of PMP with different pathological
characteristics and different prognoses: (a) disseminated
peritoneal adenomucinosis (DPAM), a low-grade lesion
that is marked by its abundant extracellular mucin and lack
of cytological atypia or mitotic activity, usually derived
from mucinous neoplasms of the appendix, and with a good
prognosis; (b) peritoneal mucinous adenocarcinoma
(PMCA), which is histopathologically a high-grade meta-
static adenocarcinoma, usually derived from the appendix
and colon, and is characterized by abundant mucinous epi-
thelium with architectural and cytologic features of carci-
noma and a grim prognosis; and (c) intermediate type
PMP (PMCA-I), which includes those in whom the perito-
neal lesions demonstrate predominantly features of DPAM
but also contained focal areas of PMCA and a prognosis be-
tween that of DPAM and PCMA. In contrast, Misdraji et al.
[8] proposed classifying appendiceal mucinous tumors into
low-grade appendiceal mucinous neoplasms (LAMNs) and
high-grade mucinous adenocarcinomas (MACAs). LAMNs
are papillary or flat mucinous tumors with low-grade cytologic
atypia analogous to low-grade dysplasia in other parts of the
gastrointestinal tract. MACAs are appendiceal tumors with
destructive invasion of the appendiceal wall, high-grade cyto-
logic atypia, or complex epithelial proliferation, and with a
more aggressive clinical course than that of LAMNs. More re-
cently, Bradley et al. [7] proposed that the only relevant cate-
gories are low- and high-grade mucinous carcinoma peritonei
based on the clinically malignant behavior of all PMPs. The
most widely used histopathologic classification is the one pro-
posed by Ronnett et al. [9].

MCA
MCA is one of the histological subtypes of CRC and ac-
counts for 10%–20% of all colorectal neoplasms [15].
MCA is diagnosed when �50% of the tumor comprises a
mucinous pattern on histological examination and a large
amount of extracellular mucin is produced by secreting
acini [16]. The mucin is intraluminal in the case of well-
differentiated or moderately differentiated CRC and forms
interstitial pools surrounding the irregular trabeculae in
poorly differentiated CRC [17]. This subtype of tumor is to
be differentiated from signet-ring cell carcinoma, which is
constituted by �50% single tumor cells with intracytoplas-
matic mucin displacing their nuclide acid and is well known
for its aggressiveness [18]. Compared with the more com-
mon nonmucinous variety, mucinous tumors metastasize to
lymph nodes with greater frequency, are more prone to
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peritoneal carcinomatosis, and are typically diagnosed at an
advanced stage [19]. This might be explained by the pro-
duction of mucus under pressure, which allows the MCA to
separate tissue planes in the bowel wall and more frequently
gain access to the peritoneal cavity. Moreover, the fluid
produced by MCAs is taken up by lymphatics, which might
help to promote tumor spread into regional lymph nodes
[20].

The prognostic significance of the MCA histological
subtype is controversial. In some studies, the MCA histo-
logical subtype has been shown to be a negative prognostic
factor [19, 21, 22], but not in others [15, 23, 24]. These dif-
fering results for the MCA subtype could be explained by
the striking geographical variations in the epidemiology of
CRC [25], advanced tumor stage at presentation [22], dif-
ferences in diagnostic histopathological criteria used to de-
fine MCA [16, 22, 26, 27], and specific tumor localization
(e.g., rectum) [28]. Therefore, some investigators have di-
vided MCAs into two subgroups on the basis of clinicopath-
ological characteristics, genetic pathways, and behavior,
which may help to explain the above mentioned conflicting
results [29]. Both the American Joint Committee on Cancer
and the College of American Pathologists consider that the
mucinous subtype has not been proven to be a statistically
significant prognostic factor independent of histological
grade [30, 31].

Two major molecular genetic pathways in colorectal
carcinogenesis can be differentiated—the chromosomal in-
stability pathway and the DNA mismatch repair pathway.
The chromosomal instability pathway involves the muta-
tional activation of oncogenes (KRAS) coupled with the loss
of several genes that normally suppress tumorigenesis
(APC, DCC, p53) [32]. The DNA mismatch repair pathway
is associated with CRCs arising from hereditary nonpol-
yposis colon cancer. The key element of this pathway is
dysfunction in DNA mismatch repair enzymes that results
from germline mutations in one of several DNA mismatch
repair genes, most commonly MLH1 or MSH2. The result is
the development of microsatellite instability (MSI) in tu-
mors derived through this genetic pathway [33].

Mucinous adenocarcinomas are characterized by a low
occurrence of p53 alterations, a high frequency of MSI
(MSI-H), a high frequency of KRAS mutations, and a higher
apoptotic index than in corresponding nonmucinous tumors
[34]. Based on these genetic differences and the more ag-
gressive behavior, some authors have suggested that an al-
ternate mucinous phenotype–related pathway of
carcinogenesis might exist and that MCA should be catego-
rized and treated as a biological entity distinct from other
colorectal adenocarcinomas [34, 35]. Moreover, a recent
study by Leopoldo et al. [29] identified molecular alter-

ations (e.g., MSI, hMLH1, p27) in subsets of MCAs asso-
ciated with different clinicopathological and molecular
characteristics and different outcomes, suggesting the exis-
tence of different subtypes of MCA. The first subtype is
characterized by MSI-H, often localized in the proximal co-
lon, frequently associated with altered expression of
hMLH1 and p27, and better outcome. The second subtype
of MCA is microsatellite stable, more frequently localized
in the distal colorectum, shows normal expression of
hMLH1 and p27, and has a worse outcome [29]. Another
study, by Liu et al. [36], distinguished MCAs according to
aneuploid versus diploid status. Further clinicopathological
and molecular analyses will help to clarify the role of the
two subtypes of MCA.

MANAGEMENT OF GASTROINTESTINAL MUCINOUS

ADENOCARCINOMAS WITH

PERITONEAL DISSEMINATION

PMP
Patients with PMP conventionally have been treated with
repeated interval debulking procedures for relief of symp-
toms, but with limited expectation of long-term survival
and no prospect of cure. In 1994, Gough et al. [37] reported
5- and 10-year survival rates of 53% and 32%, respectively,
in 56 patients with PMP treated with serial debulking pro-
cedures and selectively treated with i.p. or systemic radio-
therapy or chemotherapy. Miner et al. [38] reported a 10-
year survival rate of 21% in 97 PMP patients treated with
serial debulking, systemic chemotherapy, and/or delayed
intermittent i.p. chemotherapy using a 5-fluorouracil (FU)-
based agent. Although a subset of patients remain asymp-
tomatic for many years, disease almost always recurs, and
repeated debulking procedures become more ineffective. In
addition, Yan et al. [39] showed that patients underwent
transitions from a less aggressive to a more aggressive his-
tology from one cytoreduction to the next.

Sugarbaker proposed a comprehensive treatment ap-
proach involving CRS and HIPEC. The aim of surgery is
macroscopic complete cytoreduction and complete lysis of
adhesions between the bowel loops in combination with
visceral resection to leave tumor deposits �0.25 cm. This is
followed by adjuvant HIPEC (commonly mitomycin C, cis-
platin, 5-FU, or a combination of these for usually 40–120
minutes) to eradicate any macroscopic or microscopic tu-
mor residue and thus reduce recurrence [40, 41]. Timing
and delivery of chemotherapy are critical, because it is
given before the formation of any adhesions and allows di-
rect chemotherapy and tumor cell contact.

Favorable results with combined modality treatment
have been achieved for patients with benign disease
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(DPAM) and complete cytoreduction, with 5- and 10-year
survival rates of approximately 75%–100% and 68%, re-
spectively [9, 10, 41]. However, patients with malignant
disease (PMCA) or intermediate disease (PMCA-I) showed
a significantly worse prognosis, with 5- and 10-year sur-
vival rates, respectively, of 50% and 21% for PMCA-I and
14% and 3% for PMCA [9]. Patients with DPAM seem to
benefit most from this approach. However, it remains con-
troversial whether patients with PMCA benefit from this
aggressive treatment. Moreover, completeness of cytore-
duction (CC score; Table 1) has additional prognostic value
and is strongly associated with extent of disease. Patients
with extensive PMP are prone to incomplete cytoreduction
and a complicated recovery. Sugarbaker et al. [42] reported
a significant survival difference (p � .0001) in favor of pa-
tients with complete cytoreduction (CC-0 and CC-1), ver-
sus incomplete cytoreduction (CC-2 and CC-3) (Table 2).

Although combined modality treatment has shown fa-
vorable results in a subset of patients with PMP, the aggres-
siveness of this treatment strategy and concomitant high
morbidity and mortality rates are probably the main reasons
for skepticism. In a systematic review by Yan et al. [41], the
overall morbidity rate varied in the range of 33%–56% and
the overall mortality was in the range of 0%–18%. Most fre-
quent serious complications were small bowel perforation
and suture leaks resulting in abscesses and fistula. How-
ever, the experience of the center has a strong prognostic
impact [43].

The efficacy and possible benefit of systemic therapy in
PMP might be diminished by the locoregional spread of
well-differentiated tumor with a poor blood supply. How-
ever, two recently reported studies have suggested benefit
to patients with PMP who were considered surgically unre-
sectable. Farquharson et al. [44] found, in a prospective
analysis including 39 PMP patients treated with a combina-
tion of capecitabine and mitomycin C, 15 patients (38%)
with a response or stable disease. Furthermore, Shapiro and
colleagues reported on a subset of 54 of 186 patients with
appendiceal neoplasms considered to be suboptimal surgi-
cal candidates and therefore treated with modern systemic

chemotherapy. That retrospective analysis indicated pro-
longed disease control of 7.6 months in patients who were
deemed suboptimal candidates for CRS and/or HIPEC [45].
In summary, the primary modality of treatment for patients
with PMP is CRS followed by HIPEC. Systemic chemo-
therapy may provide a benefit for patients who are not op-
timal surgical candidates (e.g., high tumor burden,
comorbidities, grossly residual disease after prior CRS) but
is still considered as a palliative treatment in patients with
recurrent or progressive disease [10, 46].

MCA
Peritoneal carcinomatosis (PC) of colorectal origin is com-
mon, occurring in 10%–15% of patients at initial diagnosis,
and the second most frequent cause of death after metastatic
disease to the liver. Moreover, 25% of patients with recur-
rence have disease confined to the peritoneal cavity [47].
PC arising from CRC has long been considered as a gener-
alized disease and has been treated with systemic chemo-
therapy. The most significant reports investigating the
prognosis of isolated PC of colorectal origin with chemo-
therapy included 50 –392 patients and showed a median
survival time of 5.2–12.6 months [1, 2, 47, 48]. Modern sys-
temic therapy has improved the median survival time for
those patients with hematogenous dissemination, but the
role of these newer combinations of cytotoxic chemother-
apy and biological agents remains undefined in patients
with stage IV MCA with metastatic disease confined to the
peritoneum.

Sugarbaker has suggested PC of colorectal origin as
transcoelomic invasion by the primary cancer or i.p. seed-
ing during surgical or radiological interventions for diagno-
sis or treatment. Therefore, PC should be regarded as
locoregional extension of disease rather than another man-
ifestation of systemic metastasis [49]. MCAs and non-
MCAs have similar patterns of hematogenous and
lymphatic metastasis, but their peritoneal surface distribu-
tion is different. In contrast, MCAs present patterns of peri-
toneal surface distribution similar to those of PMP [5].
Therefore, CRS and i.p. chemotherapy might be a potential
treatment option for the particular group of patients with
stage IV MCAs with metastatic disease confined to the
peritoneum.

However, no data are currently available for this partic-
ular group of patients. Nevertheless, an increasing number
of international treatment centers have published their re-
sults using CRS and HIPEC in the management of perito-
neal surface malignancies of colorectal origin.

In a retrospective multicenter study by Glehen et al. [50]
of CRS combined with perioperative i.p. chemotherapy for
the management of PC of CRC, 506 patients were analyzed.

Table 1. Completeness of cytoreduction score

Score Definition

CC-0 (resection of all gross disease) Nodules not visible

CC-1 (complete cytoreduction) Nodules �0.25 cm

CC-2 (incomplete cytoreduction,
moderate residual disease)

Nodules �0.25 and
�2.5 cm

CC-3 (incomplete cytoreduction,
gross residual disease)

Nodules �2.5 cm
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Patients in whom CRS was complete (CC-0 and CC-1) had
a median survival time of 32.4 months (5-year survival rate,
31%), compared with 8.4 months (3-year survival rate, 6%)
for incomplete cytoreduction (CC-2 and CC-3; p � .001).
The median overall survival time was 19.2 months and the
overall 5-year survival rate was 19%. Recently, Elias et al.
[43] performed a retrospective-cohort, multicenter French
study of peritoneal colorectal carcinomatosis treated with
surgery and perioperative i.p. chemotherapy including 523
patients. That study confirmed the results obtained by Gle-
hen et al. [50], with a median overall survival time of 30.1
months and an overall 5-year survival rate of 27%. The
mortality and morbidity rates were low in this study, at 3%
and 23%, respectively. These are the two largest series of
patients with PC from CRC treated with combined CRS and
HIPEC, but they are likely to host large heterogeneity in pa-
tients and treatment (e.g., selection criteria, chemotherapy
doses, different levels of experience, and different tech-
niques).

To evaluate selection factors that have been used to limit
patients treated with CRS and HIPEC, a phase III study was
initiated. Verwaal and colleagues preoperatively random-
ized patients with known colorectal carcinomatosis to stan-
dard treatment with palliative surgery followed by systemic
fluorouracil and leucovorin or treatment with maximal CRS

with HIPEC [2]. The recently published 8-year follow-up
data showed median survival times of 12.6 months in the
standard arm and 22.2 months in the experimental arm (p �
.028) and a 5-year overall survival rate of 45% for those pa-
tients for whom a complete cytoreduction (CC-0 and CC-1)
could be achieved [51]. The trial was stopped early because
of the large survival difference in favor of HIPEC.

Finally, Elias et al. [52] compared the long-term sur-
vival of CRC patients with isolated and resectable PC in
comparable groups of patients treated with systemic che-
motherapy including oxaliplatin or irinotecan (standard
group) and with CRS plus HIPEC and systemic chemother-
apy (SC). The median survival time was 23.9 months in the
standard group, versus 62.7 months in the CRS � HIPEC �
SC group (p � .05), and the 5-year overall survival rates
were 13% versus 51%, respectively. Moreover, there was
no statistically significant difference in survival rates be-
tween HIPEC and early postoperative intraperitoneal che-
motherapy (EPIC). However, this was a nonrandomized
cohort study, which might imply a potential selection bias,
as mentioned by the authors (Table 3).

The effect of mucinous histology on treatment response
and survival was recently examined by Negri et al. [53]. In
that study, patients with CRC had a lower response rate to
5-FU (22% versus 47%) and shorter survival time (11.8

Table 2. Treatment results of peritoneal surface malignancies of colorectal origin

Study Group
n of
patients Regimen

Morbidity
(%)

Mortality
(%)

Median
survival
(yrs)

3-yr
survival
(%)

5-yr
survival
(%)

10-yr
survival
(%)

Ronnett et al. (2001)
[58]

DPAM
PMCA-I
PMCA

65
11
30

CRS � EPIC
(5-FU � MMC)b

NR NR Not reached
4.2
1.3

NR 75
50
14

68
21
3

Sugarbaker and
Chang (1999) [42]

All patients 385 CRS � EPIC
(5-FU � MMC)b

or HIPEC
(MMC)

27 2.7 NR 74 63 NR

González-Moreno and
Sugarbaker (2004)
[11]

All patients 501 CRS � HIPEC NR NR 13 NR 71.9 54.5

Murphy et al. (2007)
[62]

Pseudomyxoma
Adenocarcinoma

67a

16a
CRS � HIPEC
(MMC) � EPIC
(5-FU)

NR 5 NR NR 80
65

NR

Yan et al. (2006) [63] DPAM
PMCA-I
PMCA

28
15
7

CRS � HIPEC
(MMC) � EPIC
(5-FU)

NR NR Not reached 100
69
0

100
69
0

NR
NR
NR

Elias et al. (2003) [64] DPAM
PMCA � I

22
14

CRS � EPIC/
HIPEC

44 13.8 4 NR 74
54

NR

Smeenk et al. (2007)
[59]

DPAM
PMCA-I
PMCA

66
29
7

CRS and HIPEC
(MMC)

54% 3% NR NR 70
41
0

NR

aPatients with complete tumor removal.
bFollowed by three courses of adjuvant chemotherapy with i.p. 5-FU and i.v. MMC.
Abbreviations: 5-FU, 5-fluorouracil; CRS, cytoreductive surgery; DPAM, disseminated peritoneal adenomucinosis; EPIC,
early postoperative intraperitoneal chemotherapy; HIPEC, hyperthermic intraperitoneal chemotherapy; MMC, mitomycin C;
NR, not reported; PCMA, peritoneal mucinous adenocarcinoma; PCMA-I, intermediate type of pseudomyxoma peritonei.
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months versus 17.9 months) than patients with nonmuci-
nous CRC. Moreover, Catalano et al. [54] reported, in pa-
tients with mucinous CRC treated with irinotecan and/or
oxaliplatin-based chemotherapy, a significantly lower re-
sponse rate and overall survival time than in patients with
nonmucinous CRC (18.4% versus 49% and 14 months ver-
sus 23.4 months, respectively).

Currently, no studies focusing on outcome for differ-
ent molecular subtypes of MCA with metastatic disease
confined to the peritoneum are available. However, mo-
lecular markers were examined for differences in re-
sponse of mucinous and nonmucinous CRCs. Glasgow et
al. [35] reported that the thymidylate synthase (TS) and
GSTP1 genes were significantly overexpressed in muci-
nous tumors. Numerous studies have demonstrated that
overexpression of TS correlates with poor response to
5-FU [55–57]. In addition, GSTP1 belongs to the gluta-
thione S-transferase superfamily and is a major mecha-
nism of detoxification of platinum agents. The
information derived from these studies may help clini-
cians in making decisions that will improve the outcome
of patients with mucinous CRC.

DISCUSSION

Improved treatment modalities, insights into the mecha-
nisms of i.p. spread, and differences in histopathologic
types of mucinous adenocarcinomas have contributed to a
better understanding and a different perception of mucinous
CRC and PMP. Despite exciting results for combined treat-
ment involving CRS and HIPEC, the results should be in-
terpreted with caution.

For instance, there is ongoing controversy about the patho-
logical features of PMP defined by Ronnett et al. [9]. A group
of patients who had surgery for PMP were categorized into
three histological subcategories and the histopathologic differ-
ences determined the prognosis of these patients. Most, but not
all, centers use the criteria of Ronnett et al. [9]; however, there
is a great degree of subjectivity, as pointed out by Yan et al.
[39]. Because of common concurrent findings of PMCA
within DPAM, the exact pathology and subsequent behavior
of PMP are difficult to assess and make the classification more
subjective. Moreover, confusion still exists because of differ-
ent histopathologic nomenclature. In the past, designations
such as malignant mucoceles, colloid carcinomas, or cystade-
nocarcinoma were used, and recently, Misdraji et al. [8] and

Table 3. Treatment results for colorectal cancer with peritoneal metastasis

Study Group
n of
patients Regimen

Morbidity
(%)

Mortality
(%)

Median
survival
(mos)

1-yr
survival
(%)

3-yr
survival
(%)

5-yr
survival
(%)

Glehen et al.
(2004) [50]
2004

CC-0
CC-1
CC-2

271
106
129

CRS and HIPEC/
EPIC or both

22.9 4 32.4
24
8.4

87
79
38

47
29
6

31
15
0

Elias et al.
(2010) [43]

All patients 523 CRS and HIPECa/
EPICb

31 3 30.1 81 41 27

Verwaal et al.
(2003) [2]

Standard
Experimental

51
54

5-FU � LV
CRS and HIPEC
(MMC)

NR
NR

NR
8

12.6
22.4

NR
NR

NR
NR

NR
NR

Elias et al.
(2009) [52]

Standard
Experimental

48
48

Chemotherapyc with
or without palliative
surgery
CRS � HIPEC �
SC

NR
NR

NR
NR

23.9
62.7

NR
NR

NR
NR

13
51

Yan et al.
(2008) [65]

CC-0
CC-1/
CC-2/CC-3

41
9

CRS � HIPEC
(MMC)

79% 0% 37
14

85%
51%

62%
0%

NR
NR

Shen et al.
(2004) [66]

All patients 77 CRS � HIPEC
(MMC) with or
without SC

30% 12% 16 56% 25% 17%

Pilati et al.
(2003) [67]

All patients 46 CRS � HIPEC
(MMC � cisplatin)

35% 0% 18 68% NR NR

aMMC-based regimens with or without cisplatin or oxaliplatin-based regimens with or without irinotecan � i.v. 5-FU and
LV for 30 minutes.
bMMC on day 1 and 5-FU for the following 4 days.
cChemotherapy regimens included 5-FU, oxaliplatin, or irinotecan.
Abbreviations: 5-FU, 5-fluorouracil; CC, completeness of cytoreduction score; CRS, cytoreductive surgery; HIPEC,
hyperthermic intraperitoneal chemotherapy; LV, leucovorin; MMC, mitomycin C; NR, not reported; SC, systemic
chemotherapy.
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Bradley et al. [7] proposed new histopathologic classifica-
tions. Many reports have included more indolent histologic
findings, and this heterogeneity makes conclusions problem-
atic. However, survival analysis of the different subtypes pro-
posed by Ronnett et al. [9] has shown that DPAM patients are
most likely to benefit from a combined treatment regimen,
whereas PMCA patients should be classified and treated as
having PC of nonmucinous colorectal origin because they do
not seem to benefit from aggressive treatment [58, 59]. De-
spite the fact that much progress has been made, there is need
for a prospective multi-institutional trial to standardize the his-
topathologic classification of PMP.

Although MCA is a well-recognized subtype of CRC by
the World Health Organization classification, the prognos-
tic impact and the genetic mechanism by which the muci-
nous phenotype arises are still matters of controversy.
Some studies have reported that variations in survival could
be related to differences in tumor location or stage at pre-
sentation rather than to histologic type [30]. Others have
suggested that the MCA histologic subtype is an indepen-
dent predictor of poor outcome, because patients with these
tumors are more likely to have peritoneal metastasis and
lymph node involvement than those with nonmucinous ad-
enocarcinomas [19]. Both the American Joint Committee
on Cancer and the College of American Pathologists con-
sider that the mucinous subtype has not been proven to be a
statistically significant prognostic factor independent of
histological grade [30, 31]. Recent studies have proposed
that MCA include two molecular subtypes, reflecting dis-
tinct clinicopathological and phenotypic characteristics
[29, 60]. These differences could have potential influences
on therapeutic choices, considering different responses
with distinct genetic profiles. Moreover, we lack data inves-
tigating the outcome of patients with mucinous CRC treated
with novel agents (anti–vascular endothelial growth factor
receptor or anti–epidermal growth factor receptor mono-
clonal antibodies) in combination with traditional drugs (5-
FU, oxaliplatin, or irinotecan).

The main criticism against combined treatment is the
lack of standardized treatment techniques. Most centers are
currently using HIPEC, whereas only a few are using EPIC.
Both procedures are not standardized and many variations
exist in exposure techniques, drugs, drug doses, duration,
temperature, and flow rates, which may contribute to the

differences in the results [6]. Moreover, surgical treatments
are even less standardized than drug treatments and are de-
pendent on the skill and level of experience of the surgeon
[61]. In addition, the overall morbidity rate has varied in the
range of 33%–56% and the overall mortality rate has been
in the range of 0%–18%, and thus also dependent on the ex-
perience of the center’s surgeon [41]. Therefore, results
achieved by international experts may not be replicated in
routine clinical practice. Nevertheless, the use of perioper-
ative i.p. chemotherapy and surgical treatment needs to be
standardized and validated by randomized studies.

Finally, proper patient selection is essential to benefit
from combined CRS and i.p. chemotherapy. The outcome
of patients with advanced disease or incomplete cytoreduc-
tion is poor and they are not likely to benefit from this major
treatment. However, patients with certain histological sub-
types who have minimal residual disease isolated to perito-
neal surfaces accessible to chemotherapy and an absence of
systemic metastasis may benefit.

FUTURE DIRECTIONS

The novel therapeutic approach of combining CRS and
HIPEC may be the most promising new treatment for pa-
tients with mucinous gastrointestinal adenocarcinomas
with metastatic disease confined to the peritoneum. This
treatment strategy offers hope for cure in a disease that has,
in the past, been regarded as a terminal event. However,
careful patient selection is critical and perioperative i.p.
chemotherapy and surgical treatment need to be standard-
ized and validated by randomized studies. The exact role of
chemotherapy remains to be elucidated. In addition, future
studies should include predictive and prognostic molecular
markers trying to identify subsets of patients who are likely
to derive the most benefit from a particular treatment.
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