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Abstract

Peritoneal carcinomatosis (PC), the dissemination of
cancer cells throughout the lining of the abdominal
cavity, is the second most common presentation of
colon cancer distant metastasis. Despite remarkable
advances in cytotoxic chemotherapy and targeted
therapy for colon cancer over the last 15 years, it has
been repeatedly shown that these therapies remain in-
effective for colon cancer PC. Recently, there has been
a rapid accumulation of reports that cytoreductive
surgery combined with hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC) prolongs the life of colon
cancer PC patients. Here, we will review the clinical
presentation, the mechanisms of disease progression,
and current treatment options for colon cancer PC,
with a focus on the benefits and limitations of CRS-
HIPEC.
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Core tip: This paper aims to review the clinical presen-
tation, the mechanisms of disease progression, and
current treatment options for colon cancer peritoneal
carcinomatosis, with a focus on the benefits and limi-
tations of cytoreductive surgery combined with hyper-
thermic intraperitoneal chemotherapy.
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INTRODUCTION

The most critical and ultimately life threatening feature
of malignant disease is its ability to metastasize to other
organs“’()]. The peritoneum is second only to the liver as
a site for colon cancer metastasis. Approximately 4%-7%
of patients with colon cancer are noted to have perito-
neal carcinomatosis (PC) at the time of diagnosis, despite
recent advances in early detection of the disease’”. Al-
though the tumors are primarily confined to the peritone-
um with no discernable metastasis elsewhere in approxi-
mately 20%-25% of patients with colon cancer PC""'?,
the prognosis of these patients is poor with a median
survival of 6-9 mo after diagnosisn’g’m’w. As a result, un-
til recent years, colon cancer PC had been regarded as a
form of systemic metastasis portending a terminal state
of colon cancer for which only palliative surgery (such
as diverting colostomy) and/or systemic chemotherapy
was recommended"” . Here, we will review the presen-
tation, mechanisms of disease progression, and current
treatment options of colon cancer PC, which have been
reported to prolong life of those patients.
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Figure 1 A multistep process is involved in establishment and progression of colon cancer peritoneal carcinomatosis. First, loose cancer cells are released
from the primary tumor that has penetrated the colon wall. The free floating cancer cells enter the peritoneal cavity and are transported to the peritoneal surface,
where with inflammation playing a major role, the cells become adhesed to the peritoneum. The cancer cells then invade into the submesothelial layers and ultimately
are able to access to the systemic circulation. Note that the progression of peritoneal carcinomatosis is not only at the single adhesion site, but its spill over to the

neighboring peritoneum.

CLINICAL PRESENTATION

The symptoms of colon cancer PC can vary and are

nonspecific; many patients, however, experience extreme
fatigue, abdominal discomfort, and abdominal pain be-
cause of ascites and associated bowel obstruction”*’,
If ascites is present, cytology from aspirated fluid can
help to establish the diagnosis in half of these patients.
Approximately 40% of the patients can be diagnosed
by imaging modalities including computed tomography
(CT), magnetic resonance imaging, positron emission
tomography (PET) and ultrasound, but in 8% of the
patients, colon cancer PC is found at the time of lapa-
rotomy”", In many cases diagnostic laparoscopy can be
helpful to gain more detailed information on the intra-
peritoneal dissemination of the tumor or histological
confirmation of the suspicion of PC™. PC rates are
highest among women, patients with primary mucinous
adenocarcinomas, tumor stage T4, lymph node stage N2,
and among patients with a positive resection margin'™
Time to recurrent disease has been reported with a me-
dian time of 14-16 mo™". In terms of PC, median time
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to diagnosis of metachronous disease was 18 mo™.

MECHANISM OF ESTABLISHMENT AND

PROGRESSION OF COLON CANCER PC

The multistep process through which PC is established

has been conceptualized to include the five following
. [25.26]

steps (Figure 1)

Release of loose cancer cells from the primary tumor
into the abdominal cavity

In order for the cancer cell to disseminate in the abdomi-
nal cavity, it needs to be released from the primary colon
cancer mass. This process can occur through several
mechanisms including spontaneous and/or iatrogenic
exfoliation of cancer cells from the primary tumor. In
colon cancer PC, the expressions and/or the functions
of cell-cell adhesion molecules, such as E-cadherin, can
be down-regulated thereby promoting cancer cell detach-
ment”"™, Iatrogenic causes include incomplete resection,
inadvertent breach of the tumor’s integrity, or transection
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of blood or lymph vessels with subsequent leakagew.

Transport in abdominal cavity

Once the cancer cells are released into the abdominal cav-
ity, they are transported to different anatomical regions
of the abdomen governed by gravity, peristaltic gastro-
intestinal movement, and the mechanics of the negative
pressure generated by movement of the diaphragm”’.
The most common sites of disease localization include
the right lower quadrant, the right diaphragm, the hepato-
duodenal ligament, the omentum, the pelvic viscera and

the parietal peritoneum®™,

Adhesion to the peritoneum

In order for the floating cancer cells to establish PC, the
cells need to adhere to the peritoneum. Evidence suggests
that inflammation plays a major role in this process by
enhancing expression of adhesion molecules. Adhesion
of cancer cells to the mesothelial layer is mediated by ad-
hesion molecules, such as vascular cell adhesion molecule
1 [VCAM-1 (CD106)], intercellular adhesion molecule
1 [ICAM-1 (CD54)], and platelet endothelial cell adhe-
sion molecule [PECAM-1 (CD31)], many of which are
also expressed by endothelial cells™. Pro-inflammatory
mediators, IL-1f, IL-6 and the epidermal growth factor,
have been shown to increase peritoneal adhesion of can-
cer cells™ " and TNF-q has been shown to enhance the
expression of ICAM-1"". Adhesive interactions have also
been reported between the mesothelial hyaluronan coat
and the transmembrane glycoprotein CD44, a molecule
expressed by many cancer types[”]. The mechanisms re-
sponsible for this site specificity remain incompletely un-
derstood, but may relate to the pro-angiogenic environ-
ment elicited by the dense capillary network surrounding
these immune aggregates'™”

Invasion into the submesothelial layers

Loose cancer cells gain access to submesothelial tissue
at areas of peritoneal discontinuity. The cells themselves
may precipitate these areas of weakness in the peritone-
um, as cancer cells have been shown to induce apoptosis
of mesothelial cells by a FAS dependent mechanism'",
Alternatively, the extracellular matrix might become ex-
posed by contraction of mesothelial cells and disruption
of intercellular junctions in response to inflammatory
mediators™”. Invasion of the submesothelial tissue is
accompanied by adhesion to and degradation of the ex-
isting extracellular matrix through various integrins and
proteases respectivelymj.

Access to the systemic circulation

Once the submesothelial stroma is invaded, cancer cells
can then gain access to the blood and lymphatic micro-
circulation. Particulate matter, including free peritoneal
cancer cells, can enter the systemic circulation through
subperitoneal lymphatic lacunae located between the
muscle fibers of the diaphragml44j. The peritoneum lay-
ering the pouch of Douglas, for example, is rich in sub-
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peritoneal lymphatic vessels and milky spots. Intraperito-
neal fluid containing free cancer cells, once reaching the
pelvic subperitoneal lymphatics, then travels toward the
rectum, and finally flows into the lymph nodes around
the iliac artery. In contrast, the peritoneum covering the
liver, as well as the serosal surface of small bowel and
spleen, are devoid of lymphatic stomata and milky spots
and thus are involved in systemic dissemination of can-

cer cells only in the late stage of PC*,

TREATMENT OPTIONS AND OUTCOMES

Systemic chemotherapy

PC has been considered to be a form of systemic distant
metastasis and a terminal state in colon cancer, thus his-
torically palliative systemic chemotherapy was utilized.
The few retrospective studies examining this palliative
therapy invariably show disappointing responses to
systemic chemotherapy by 5-fluorouracil (5-FU) and
leucovorin with a poor prognosis compared to other
metastatic sites' ", Recently, more effective cytotoxic
chemotherapies and biologic targeted therapies using
oxaliplatin, irinotecan, bevacizumab, cetuximab, or pa-
nitumumab have been reported to improve the survival
of patients with metastatic colon cancer. However, since
the majority of patients involved in these studies are
those with liver or lung metastases, the effects of these
agents on PC remain unclear™". Only a few papers
have described the outcome of systemic chemotherapy
for colon cancer PC. A pooled analysis of north cen-
tral cancer treatment group phase Il trials N9741 and
N9841 demonstrates that current systemic chemothera-
py, such as 5-FU based combination therapy, FOLFOX,
1s not effective for PC and fails to significantly improve

. 52]
survival®™,

Intraperitoneal chemotherapy

Intraperitoneal delivery of anti-neoplastic agents for
cancer into the abdominal cavity has been attempted
since antiquity. In the mid-18" century, English surgeon
Christopher Warrik injected a mixture of “Bristol water”
and “Claret” (a Bordeaux wine) into the peritoneal cavity
of a woman suffering from intractable ascites'"”. Fol-
lowing the discovery of the anti-neoplastic potential of
nitrogen mustard, its effect in the abdominal cavity was
studied within the mid-20" century™.

Approximately one in five patients with colon cancer
harbors minimal residual disease in the peritoneum after
surgical resection, while PC develops in approximately
one in seven patients[zs]. This observation led to a hy-
pothesis that intraperitoneal chemotherapy following
complete resection of a T3 or T4 stage colon cancer
may decrease peritoneal recurrence. In animal models
of colon cancer, intraperitoneal administration of che-
motherapeutic drugs successfully prevented tumor de-
velopment following colon cancer cell implantation into
abdominal cavity[sﬂ. Clinical studies, however, have thus
far not shown any benefit from adjuvant intraperitoneal
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chemotherapy for colon cancer. Vaillant ez al™ random-
ized 267 stage II and Il colon cancer patients to either
surgery alone or surgery combined with intraoperative
intravenous 5-FU and postoperative intraperitoneal 5-FU
administration. Overall, adjuvant 5-FU failed to improve
disease free survival (DES), overall survival, or the fre-
quency of peritoneal recurrence. An unplanned sub-
group analysis indicated a DFS benefit in patients with
stage Il disease. Similarly, a randomized trial by Not-
dlinger ez al™ failed to show any benefit from immediate
postoperative regional chemotherapy (intraperitoneal or
intraportal administration by the choice of participating
center) followed by intravenous chemotherapy compared
with intravenous chemotherapy alone in patients with
resected stage II or Il colorectal cancer. Taken together,
neither of these two trials were able to show any de-
crease in peritoneal recurrence from adjuvant intraperi-
toneal chemotherapy in patients with colorectal cancer.

Early postoperative intraperitoneal chemotherapy

Early postoperative intraperitoneal chemotherapy (EPIC)
is infusion of chemotherapy directly into the abdominal
cavity through ports, allowing circulation and/or drain-
age of the drugs for one to five days after cytoreductive
surgery (CRS) to kill remaining microscopic cancerous
tumors and free floating cells. EPIC may be given in
multiple cycles for several months after surgery.

In 1995, a French group attempted to conduct a ran-
domized controlled clinical trial comparing CRS plus
EPIC to systemic chemotherapy, but it was rapidly aban-
doned because of patients’ dissatisfaction with the treat-
ment in the control arm. Subsequently, a modified clini-
cal trial comparing CRS plus EPIC versus CRS without
EPIC was initiated in 1996. This study by Elias ez a/”"
closed prematurely after 4 years in 2000 with only 35 of
the required 90 patients enrolled. In this incomplete trial,
EPIC failed to demonstrate any survival benefit; how-
ever, analysis of these 35 patients showed that complete
CRS (CCR-0) resulted in a 2-year survival rate of 60%,
an impressive improvement from the historic 10% sut-
vival rate among patients treated with systemic chemo-
therapy and palliative surgeryf[57].

Mahteme ¢# /™ compared 18 colon cancer PC pa-
tients who underwent CRS, EPIC (5-FU, cisplatin, or
irinotecan) and systemic 5-FU based chemotherapy with
18 matched control patients who underwent systemic
chemotherapy alone. Patients in the CRS group had a
median survival of 32 mo, with 2-year and 5-year sur-
vival of 60% and 28%, respectively, whereas patients
in the control group had a median survival of 14 mo,
with 2-year and 5-year survival of 10% and 5%, respec-
tively (P = 0.01, »s CRS group). Glehen ez al™ analyzed a
multi-institutional registry (28 international institutions)
involving 506 colorectal cancer PC patients who un-
derwent CRS and EPIC with a median follow-up of 53
mo, finding a median survival of 19 mo, and 1-, 3- and
5-year survival to be 72%, 39% and 19%, respectively.
Two hundred seventy-one patients had CCR-0 and their
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median survival was 32 mo, with 1-, 3- and 5- year sur-
vival of 87%, 47% and 31%, respectively. The details of
CRS and chemotherapy regimens differed among the
institutions, limiting the conclusions that can be drawn
from this study®™. A systematic review by Yan ez a/"
confirmed the importance of achieving CCR-0, as it was
determined that those procedures that succeeded in this
fashion resulted in improved survival to 60 from 28 mo
when compared with procedures leaving residual disease.
CCR-0 resulted in prolonged overall survival from 22%
to 49% at 5 years. The overall quality of the available
evidence is, however, rather low, and a potentially seri-
ous postoperative complication rate should be taken into
account. A consistent finding is that optimal results can
be expected in patients with a limited disease burden in
whom a complete resection can be achieved.

Cytoreductive surgery combined with hyperthermic
intraperitoneal chemotherapy

Recently Cytoreductive Surgery combined with Hyper-
thermic Intraperitoneal Chemotherapy (CRS-HIPEC)
has been introduced for colorectal cancer PC, which ap-
pears to be the most effective approach for prolonging
survival in selected patientsm’ig’m’“]. CRS-HIPEC is a type
of hyperthermic therapy used in combination with direct
application of chemotherapy inside the abdominal cav-
ity after surgical removal of as much cancer as possible.
HIPEC is also known as intraperitoneal hyperthermic
chemoperfusion, intra-abdominal hyperthermic chemo-
perfusion, or intraoperative chemo hyperthermia peri-
toneal perfusion. In this procedure, warmed anti-cancer
drugs are infused and circulated in the abdominal cavity
in direct contact with the peritoneum. These procedures
last as long as 8-10 h and carry a significant rate of com-
plications. According to the National Cancer Institute
database, currently there are eight ongoing clinical trials
worldwide that include HIPEC as a keyword; 2 phase III,
4 phase II, and 2 phase [ trials (from www.cancer.gov,
consulted 26th of June 2013)4.

Verwaal et al*™ reported 105 patients with colon
cancer PC without evidence of hematogenous metastases
enrolled between 1998 and 2001, and randomly allocated
to receive CRS-HIPEC followed by IV 5-FU and leu-
covorin #s 5-FU and leucovorin with or without palliative
surgery. The median disease specific survival was 22.2
mo in the CRS-HIPEC arm and 12.6 mo in the control
arm (P = 0.028). The survival was significantly better in
patients with no more than five of seven abdominal PC
regions and in patients in whom a macroscopic complete
resection (CCR-0) was achieved. Unfortunately, the value
of this randomized clinical trial is limited by the fact that
the systemic chemotherapy regimen was not the stan-
dard of care (which includes Irinotecan and/or Oxali-
platin), appendiceal (# = 18) and rectal (# = 12) tumors
were not balanced in the two groups, and the HIPEC
protocol was based only on mitomycin C in the perfus-
ate. In order to assess the effect of CRS-HIPEC with
modern systemic chemotherapies, Elias ez al® conducted
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a comparison of the survival of patients with isolated
and resectable PC treated with systemic chemotherapy
containing oxaliplatin or irinotecan or treated with CRS-
HIPEC. In this study, the patients treated with modern
systemic chemotherapy achieved a median survival of 24
mo, while median survival was 63 mo with a 5-year sut-
vival rate of 51% after CRS-HIPEC.

Franko e al”” compared 67 patients treated with mi-
tomycin C-based HIPEC to 38 controls, with all 105
patients receiving 5-FU, irinotecan, oxaliplatin and be-
vacizumab or cetuximab. Unfortunately, in this study
the number of patients with liver metastases and the
number receiving oxaliplatin and targeted therapies were
both greater in the HIPEC group (78% »s 18% and 59%
v5 18% respectively).

Among non-randomized, retrospective multi-institu-
tional studies, the largest published series comes from
the French registry and includes 523 patients with co-
lon cancer PC from 1990 to 2007 treated with CRS-
HIPEC". Despite the fact that 16% of patients had
incomplete CRS with macroscopic residuals (CCR-1),
making it difficult to extrapolate data about survival, and
that the large number of participating centers adds vari-
ability (relating to learning curve and surgical standard-
ization), the reported 30-d mortality was only 3%, which
was remarkably lower than that reported in the Dutch
trial (8%)[49]. Since PC without systemic spread is found
in 3% of patients with colon cancer, this subgroup
might benefit from CRS-HIPEC. In regards to long-
term survival, complete cytoreduction (CCR-0) appears
to be critical given the results from a multinational retro-
spective analysis of 506 patients with CRC treated with
CRS-HIPEC showing an overall median survival of 32.4
mo with CCR-0 scores compared to 19 mo with sub-
optimal resection”, Multivariate analysis revealed that
other variables associated with survival include treatment
by a second procedure, limited disease extent, age less
than 65 years, and use of adjuvant chemotherapy.

One randomized trial and several prospective cohort
studies have shown improvements in disease-free and
overall survival associated with CRS-HIPEC with/with-
out EPIC when compared to palliative-intent surgery
and/or systemic chemotherapy[(’s’m’m]. Chua ¢ al* en-
rolled 294 patients, comparing supportive care and pal-
liation with postoperative systemic chemotherapy based
on 5-FU, irinotecan, oxaliplatin, Capecitabine and mono-
clonal antibodies, with or without HIPEC (low-dose
mitomycine C) and EPIC (high dose 5-FU). The type
of perioperative intraperitoneal chemotherapy did not
have an effect on survival (median survival HIPEC =
36 mo, EPIC =38 mo, HIPEC and EPIC = 43 mo; P =
0.715). On the other hand, the rate of grade I /IV com-
plications was reported to be significantly higher when
HIPEC was combined with EPIC, especially in patients
with a high total tumor burden. Thus, the use of EPIC
in combination with CRS-HIPEC is associated with an
increased rate of cornplicationsm
Since the total tumor burden of PC is critical to pre-
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dicting the outcome of CRS-HIPEC, several scoring
methods have been proposed in an effort to quantify both
the extent of peritoneal disease and the completeness of
resection. The peritoneal cancer index (PCI, Washington
Cancer Institute), first described by Sugarbaker in 1996, is
commonly used for quantification. The scores range from
0 to 39 and can be determined prior to surgery using CT
imagesm’m. The PCI is semi-quantitative, aiming to define
and measure the peritoneal involvement. It is easily repro-
ducible and has been validated by several studies and by
expert consensus””> 7. Other scores have been report-
ed that attempt to preoperatively differentiate between
patients that might benefit from curative or palliative
therapy such as the Peritoneal Surface Disease Severity
Score!™. Tt is extremely important to select appropriate
patients with colorectal PC for CRS-HIPEC, though the
perioperative mortality is reduced at high-volume centers
with extensive experience in the procedure, morbidity re-
mains high regardlessm. Also Segelman ez al™ reported
predicting the individual risk of metachronous PC after
surgery for non-metastatic CC. The models may help in
the planning of treatment and follow-up of patients.

Although currently the most common chemothera-
peutic agents infused during HIPEC are mitomycin-C
and cisplatin, the drug regimen differs considerably be-
tween institutions. The intraperitoneal application of ca-
tumaxomab is a new treatment option. This tri-functional
antibody which is active against the EpCAM-antigen of
the peritoneal tumor cells has been proven to be effective
in the treatment of malignant ascites and is licensed for
this indication”™", Tt is possible that morbidity and effec-
tiveness of CRS-HIPEC may be improved as knowledge
and technology continue to develop leading to new drugs,
more effective patient selection, and improved periopera-
tive management.

FUTURE DIRECTIONS

Peritoneal carcinomatosis historically has been regarded

as an untreatable disease and despite advances, remains
a significant challenge for oncologists and surgeons. For
many years, patients with PC have been considered to
be beyond the realm of curative thearpy, but in recent
years promising results have been reported in a vatiety
of tumor types using CRS-HIPEC. A randomized trial
has demonstrated a significant survival gain compared
with palliative therapy alone in colorectal cancer PC.
However, CRS-HIPEC is only available in specialized
institutions and is not indicated for the majority of the
colorectal PC patients due to its high morbidity and
mortality. Furthermore, many clinicians continue to have
reservations about recommending patients to undergo
such a highly morbid procedure with a goal of prolong-
ing life for median of 10 mo, especially given that any
expectation of curing PC remains unrealistic. Likewise,
CRS-HIPEC has no effect on alleviating systemic symp-
toms such as cachexia, weight loss, and malnutrition that
significantly hinder the remaining quality of life. Further
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elucidating the biological behavior of colon PC and de-
veloping molecularly targeted therapy may serve as an

avenue of future research.
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