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Abstract

Peritoneal surface malignancy (PSM) is a frequent occurrence in the natural history of colorectal
cancer (CRC). Although significant advances have been made in screening of CRC, similar progress
has yet to be made in the early detection of PSM of colorectal cancer origin. The fact that advanced
CRC can be confined to the peritoneal surface without distant dissemination forms the basis for
aggressive multi-modality therapy consisting of cytoreductive surgery (CRS) plus hyperthermic
intra-peritoneal chemotherapy (HIPEC), and neoadjuvant and/or adjuvant systemic therapy. Re-
ported overall survival with complete CRS+HIPEC exceeds that of systemic therapy alone for the
treatment of PSM from CRC, underscoring the advantage of this multi-modality therapeutic ap-
proach. Patients with limited peritoneal disease from CRC can undergo complete cytoreduction,
which is associated with the best reported outcomes. As early or limited peritoneal carcinoma-
tosis is undetectable by conventional imaging modalities, second look laparotomy is an important
means to identify disease in high-risk patients at a stage most amenable to complete cytoreduction.
This review focuses on the identification of patients at risk for PSM from CRC and discusses the
role of second look laparotomy.
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Introduction

Approximately 150,000 patients are diagnosed  chronous peritoneal surface malignancy (PSM) each
with colorectal cancer (CRC) in the US each year and  year [2]. Hence, PSM is a frequent manifestation in the
one third of patients die annually from this disease = natural history of colorectal cancer (CRC), and is as-
[1]. Nearly 8,000 patients are diagnosed with syn-  sociated with marked deterioration in quality of life
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(QOL) and limited survival. Despite advances in early
detection of CRC, peritoneal disease spread continues
to be a common mode of disease progression, as 8% of
patients with CRC have synchronous peritoneal
spread of disease at time of primary resection, and up
to 25% of patients with recurrent colorectal cancer
have disease confined to the peritoneal cavity [3].In
about 30% of patients, PSM remains the primary rea-
son for death in patients with CRC [4]. Confinement
of disease to the peritoneal surface, in the absence of
systemic metastasis, serves as the basis for surgical
eradication of disease through aggressive mul-
ti-modality therapy consisting of cytoreductive sur-
gery (CRS) plus hyperthermic intra-peritoneal chem-
otherapy (HIPEC). Overall survival in patients with
PSM and CRC treated with systemic 5-Flourouracil
(5-FU) alone is dismal, with mean survival of only 5 to
7 months [4, 5]. Overall survival is even worse (~3
months) inpatients, who suffer from PSM due to CRC
and have simultaneous bowel obstruction [6].

Aretrospective pooled analysis of over 2,000
study subjects enrolled in North Central Cancer
Treatment Group (NCCTG) Phase III Trials N9741
and N9841 demonstrated a median survival of 12.7
months in patients with peritoneal spread of CRC [7].
Treatment-adjusted analysis showed that patients
with PSM and CRC have worse survival compared to
patients with advanced CRC and distant metastases
without PSM (p=0.0006). Oncological outcome in pa-
tients with PSM of CRC origin treated by second
line5-FU + Leucovorin + Oxaliplatin (FOLFOX) was
not significantly improved. Progression-free survival
was ~6 months. This is in contradistinction to re-
ported median survival rates between 19 and 63
months in experienced centers using CRS +HIPEC to
treat PSM of CRC origin, underscoring the advantage
of this multi-modality therapeutic approach [8-11].
Although FOLFOX was found to be superior to Iri-
notecan + 5-FU/Leucovorin (IFL) and Irinotecan +
Oxaliplatin (IROX) as first line therapy in the pooled
analysis of the NCCTG trials by Franko et al., no sur-
vival benefit was apparent with second line use [7].
Systemic multi-drug chemotherapy has not altered
the natural history of peritoneal carcinomatosis, as
patients suffer disease progression and functional
deterioration due to visceral obstruction, malignant
ascites and cancer cachexia over a limited median
survival [2].

The multi-modality therapy approach, using
systemic chemotherapy plus aggressive CRS and
HIPEC has shown clearly promising results. The
randomized controlled trial (RCT) of Verwaal et al.
demonstrated a statistically significant survival ad-
vantage for this therapeutic approach [9]. This was an

RCT comparing CRS + HIPEC versus 5-FU-based
systemic chemotherapy, which demonstrated a sig-
nificant OS benefit with median survival of 22 months
versus 12 months and 2-year survival of 44% versus
22%, respectively [9, 10]. Other studies have shown
that patients with peritoneal carcinomatosis from
CRC treated with chemotherapy alone havea median
survival of 5 to 13 months, whereas those treated with
CRS + HIPEC for early peritoneal carcinomatosis
from CRC have reported median survival in the range
of 48-63 months and 5-year survival of ~50%. Com-
pleteness of cytoreduction and limited disease are
associated with longer survival, yet early peritoneal
carcinomatosis is undetectable by conventional im-
aging.

A major problem in patients with PSM of CRC
origin is that approximately 50% will have recurrence
of disease after treatment [12, 13]. These data could be
generated only because some groups have performed
so-called “second look laparotomy” to identify pa-
tients that could potentially benefit from second CRS
+ HIPEC, at a time when none of the patients had
clinical or radiographic evidence of recurrent PSM
[14-16]. The rationale for performing second look
laparotomy is to identify PSM of CRC origin early in
the natural history of the disease in patients at high
risk of having disease recurrence, when tumor vol-
ume would be below an important threshold perito-
neal cancer index (PCI) of 20, where the oncological
impact of CRS + HIPEC conducted with curative in-
tent is greatest [17].

The concept of second look operation in cancer
treatment is more than 60years old, and was most
likely established in 1948, when first described by
Wangensteen [18-20]. Since that time various groups
have reported the “second look approach” in a range
of tumor entities for a number of oncological or sur-
gical purposes: 1. cancer staging; 2. palliative treat-
ment; and, 3. Multi-modality treatment (CRS +
HIPEC) with curative intent. Second look laparotomy
went through a renaissance for the treatment of PSM
around the year 2000 [12-16, 18, 19, 21-37]. The early
reports and history of second look operation have
been described by Sugarbaker [12]. Although, second
look laparotomy can successfully identify early PSM,
its role and potential benefit has been specifically
recommend to patients with high risk of developing
peritoneal carcinomatosis [12].

There are a number of important facets to pro-
grammed second look laparotomy. First and fore-
most, surgical exploration and consecutive CRS and
HIPEC are of major potential value if PSM can be
identified early and complete cytoreduction can be
achieved. It is anticipated that as data from different
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centers of excellence investigating second laparotomy
accumulates important insights will be gained, par-
ticularly defining an optimal time point following
operation for the primary CRC when a second lapa-
rotomy should be performed. Importantly, clinical
and pathological parameters, and biomarkers will be
identified that inform risk prediction models and
clinical decision support tools to individualize risk
stratification and treatment intervention. This preci-
sion medicine approach will in turn contribute to the
development of novel targeted diagnostic and thera-
peutic approaches in the future.

Evidence, rationale and suggested guide-
lines for 2nd Jook laparotomy

Historical data suggests that patients presenting
with perforated primary tumor, bleeding or ob-
structing lesions requiring emergent surgical inter-
vention, those with regional nodal metastases, syn-
chronous peritoneal carcinomatosis, and/or ovarian
metastasesare at high risk of subsequent peritoneal
carcinomatosis [12]. Esquivel and Sugarbaker inves-
tigated studied patients with PSM of appendiceal
origin during a 12-year period [14]. Of 321 patients, 98
(31%) underwent a second-look procedure (laparot-
omy, and CRS + HIPEC when indicated). The overall
5-year survival rate in the 98/321patients was 74%
compared to 68% in 223/321 patients. These data
suggest that there is a sub-population of patients that
can benefit from second look laparotomy and CRS +
HIPEC. Those patients, who presented with symp-
tomatic bowel obstruction or had a high peritoneal
surface tumor burden, however, had significantly
worse survival. As patients with large tumor burden
(PCI >20) have questionable benefit from CRS +
HIPEC, the role of second look operation following
cytoreduction in these patients with high-volume
disease is questionable [17].

In the study from France by Elias et al., 29 pa-
tients without clinical or radiographic evidence of
PSM recurrence underwent second look operation 13
months after resection of the primary colon cancer
[23]. More than 50% (16/29) of these patients had
gross morphological evidence of PSM recurrence
during second look laparotomy, corresponding to 10
patients with initial peritoneal carcinomatosis, three
patients with synchronous ovarian metastases, and
three patients with a perforated primary tumor. Eight
out of these 16 patients (50%) that underwent second
look laparotomy remained disease-free, four had PSM
relapse (25%) and four (25%)developed isolated vis-
ceral metastases after a median post-second look fol-
low-up of 27 months. This study emphasizes the fact
that PSM in CRC patients often does not have clini-

cally- or radiographically-apparent signs until disease
has reached an advanced stage with high tumor bur-
den. Hence, the prevalence of the problem remains
undefined. Importantly, at-risk patients are those
having synchronous macroscopic PSM, synchronous
ovarian metastases and perforated primary tumor.
The French group published recently their experience
with 41 patients over a 10-year time-period with a
median follow up of 30 months [15] replicating their
initial published results.

Maggiori et al. investigated 41 patients with PSM
of CRC origin that underwent second look operation,
who had no clinical or radiographic signs of perito-
neal surface disease recurrence at the time of second
look. Fifty-six percent (23/41) of the asymptomatic
patients with negative diagnostic imaging were found
to have peritoneal surface malignancy which was
treated with CRS + HIPEC at time of second look
laparotomy, and 18 (44%) underwent complete cy-
toreduction [16]. The reported Grade 3/4 morbidity
rate was 9.7% with a 5-year overall survival rate of
90%, and a 5-year disease-free survival rate of 44%.
Peritoneal recurrences occurred in 6 of the 23 (26%)
found to have PSM at second look laparotomy and
treated with CRS+HIPEC, and in one of 18 (6%) pa-
tients who had no evidence of PSM at time of second
look exploration. This study emphasizes the fact that
over 50% of at-risk patients with treated primary CRC
will have gross manifestations of PSM at time of sec-
ond look laparotomy, and that surgical intervention
with CRS + HIPEC is associated with favorable on-
cological outcomes.

Sugarbaker emphasized clinical parameters that
may support surgical decision making in at-risk pa-
tients and published suggested guidelines for second
look laparotomy and CRS + HIPEC with curative in-
tent [12, 13]. To that end, he pointed out that the major
focus must be complete cytoreduction (RO resection,
CC-0/1resection). He further argued that the limited
extent of peritoneal surface tumor burden found at
time of second look laparotomy increases likelihood
of complete resection of grossly apparent disease, and
optimizes the chances of favorably impacting prog-
nosis. Patients considered to be at high-risk of having
PSM at second look laparotomy are those: 1. present-
ing with perforated primary CRC, or primary tumors
causing bleeding or obstruction necessitating emer-
gent surgical intervention; 2: with regional nodal me-
tastases; 3. with synchronous peritoneal carcinomato-
sis; and/ or, 4. with ovarian metastases.

Timing of second look laparotomy

The aggressive approach of a so-called “pro-
grammed” second look operation is thought to be
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most clinically relevant in selected at-risk patients at a
time when peritoneal tumor burden is low. The op-
timal timing of second look laparotomy following
incident operation for the primary tumor remains to
be defined. What we know thus far is that approxi-
mately 50% of patients at-risk for PSM will have PSM
identified at time of second look laparotomy per-
formed within approximately a year of primary op-
eration [14, 16, 23]. This preliminary data based on
incidence and extent of PSM at time of second explo-
ration suggest that the preferred time point for per-
forming second look laparotomy may be between 6 -
12 months of primary operation. In 2010 the NCI ini-
tiated a RCT (NCT01095523) for second look lapa-
rotomy to address the question: Does mandatory
second look laparotomy with CRS + HIPEC prolong
overall survival compared to the standard of care in
patients who are at high risk for developing peritone-
al carcinomatosis from CRC? [32]

High risk factors, which may be respon-
sible for early recurrence

A number of risk factors have been identified
that are associated with early recurrence of PSM in
CRC. Positive peritoneal cytology, visible evidence of
peritoneal carcinomatosis at time of initial operation,
perforated primary tumor, and synchronous ovarian
metastasis are among these risk factors. In addition,
emergently treated bleeding or obstructed primary
tumors or mucinous T3 stage or T4 stage tumors with
adjacent organ involvement, as well as margin posi-
tive resection are high risk factors, which may be re-
sponsible for early recurrence of PSM of CRC origin
[12].

Careful patient selection is an important com-
ponent in the decision making process for second look
laparotomy. Medical co-morbidities (heart, lung,
kidney, low performance status), poor nutritional
status, 3 or more liver metastases are relative contra-
indications for second look laparotomy. A recent
study, however, suggested that morbidity is not sig-
nificantly increased when performing hepatobiliary
surgery during CRS and HIPEC [38]. Potential con-
traindications depending on severity of presentation
include obesity, and acute abdomen with ileus [3].
Bucci et al. stated in 1994 that the serum tumor marker
CEA (carcinoembryonic antigen) -directed sec-
ond-look surgery is not a reliable or cost-effective
approach [22]. An elevated serum CEA today
prompts cross sectional and functional diagnostic
imaging, which as discussed previously, is typically
unrevealing for PSM of CRC origin. The above studies
provide an evidence basis to forego imaging and
proceed straight to second look surgery inpatients at

high risk for PSM due to CRC.

Other factors that should be considered in se-
lecting patients for second look laparotomy include
tumor differentiation, and subtype (e.g. signet ring
cell histology), synchronous versus metachronous
PSM. It is well established that signet ring cell ade-
nocarcinoma is a virulent form of gastrointestinal
malignancy that is associated with a dismal prognosis;
second look operation in patients with this tumor
subtype is unlikely to be of significant benefit. There-
fore, it is useful to determine the histopathological
subtype of tumor in high risk patients by use of a
precise immunohistochemical (IHC) approach [39]. A
locally advanced primary tumor stage category re-
flects depth of tumor invasion with high likelihood of
lymphatic dissemination, and it has been shown pre-
viously that more advanced T-stage primary tumors
such as Stage II and III T-4 tumors have 25% incidence
of peritoneal spread as the only metastatic site of dis-
ease [40]. The Tumor-Node-Metastasis (TNM) staging
classification is an evolving document based on ad-
vances in evidence-based medicine. In the future
other disease-specific aspects may be taken into ac-
count as well; for example, recent morphometric
analysis revealed that the peritoneal elastic lamina
was a useful marker of level of tumor invasion, and
powerful indicator of prognosis in CRC [41]. Inter-
estingly it has been demonstrated that the angiogenic
phenotype may differ between intestinal and diffuse
type gastric cancer [42-44]. Translating these data to
CRC signet ring cell adenocarcinoma, mucinous ad-
enocarcinoma and perhaps metastatic phenotype may
also be of value in risk stratification for PSM.

Lymphatic as well as vascular invasion and pe-
ri-neural infiltration are clinically relevant parameters
amongst the various types of gastrointestinal cancers
in terms of tumor biology and prognosis. The risk
benefit ratio for second look operation in a patient
with extensive lymphovascular invasion histopatho-
logically would not favor this approach based on the
low likelihood of benefit. Tumor heterogeneity re-
mains a complex phenomenon that pertains to the
primary tumor as well as the individual patient with
advanced disease given the observed genotypic het-
erogeneity evident between the primary tumor and
different metastatic sites [45].

Malignant ascites as a manifestation of peritone-
al carcinomatosis is an adverse prognostic indicator.
Sangisetty et al. recently showed that although pa-
tients with PSM and ascites may not be cured by a
multi-modality approach, these patients may derive
palliative benefit from laparoscopic heated in-
tra-peritoneal chemotherapy [46]; randomized trials
are not available and are needed [47]. The role of lap-
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aroscopic second look operation is unclear.

Multi-modality treatment approaches in both the
neoadjuvant and adjuvant setting is an important part
of the clinical pathway in gastrointestinal malignancy.
Defining the value of adding systemic therapy after
CRS + HIPEC, particularly after performing a second
look laparotomy is an oncological challenge. Another
goal of the future will be the assessment of treatment
response, specifically selecting patients for mul-
ti-modality therapy based on reliable indicators of
tumor biology [48]. However, careful consideration
ought to be given to the fact that 35 years after the
(only) experiment, which lead to the World Health
Organization classification of tumor response to
treatment, no additional studies have been conducted
or proposed [49].

Targeted therapy directed by tumor specific
testing at either the gene or protein expression is an-
other basis for ‘next generation” or precision cancer
therapy. Despite rapid advances in our understanding
of targeted therapy for GI cancers, the durable impact
on cancer survival has been marginal overall. Tar-
geted anti-angiogenic therapy, for instance, can also
have unpredictable results and be a ‘double-edged
sword” for while vascular endothelial growth factor
(VEGEF) inhibitors reduce primary tumor growth, they
may simultaneously promote tumor growth and
metastatic spread through other mechanisms [50-52].

Intra-abdominal surgery leads to post-operative
adhesions. The nature, extent, and functional impact
of adhesions are highly variable. Minimal residual
disease may reside within these adhesions; therefore,
complete adhesiolysis is imperative during any kind
of second look cancer operation and CRS + HIPEC
with curative intent. The fact that tumor cells become
sequestered in avascular intra-peritoneal adhesions
explains partly the resistance to, and ineffectiveness of
systemic chemotherapy alone for peritoneal carcino-
matosis.

The presence of an anatomic barrier, the perito-
neal-plasma partition, has enabled administration of
high local concentrations of chemotherapy at the per-
itoneal surface, far in excess of systemically adminis-
tered agents when drug delivery is intra-peritoneal as
opposed to intravenous. High molecular weight
agents such as Mitomycin C (334 Da), and Oxaliplatin
(397 Da), for example, have favorable pharmacoki-
netic profiles (AUC, peritoneal fluid relative to plas-
ma: Mitomycin C, 75:1; Oxaliplatin, 25:1) permitting
dose-dense intra-peritoneal therapy over prolonged
periods with rapid tissue concentration (in residual
tumor deposits and peritoneum), but limited systemic
absorption or toxicity. This particular therapeutic ap-
proach addresses the problem of systemic chemo-

therapy resistance and, with its reduced systemic
toxicity, provides distinct pharmacological advantage
over systemic drug delivery. This makes complete-
ness of cytoreduction imperative, which is conducted
with the intent to eradicate macroscopic deposits of
tumor and optimize the efficacy of hyperthermic
chemotherapy in obliterating minimal residual dis-
ease. Optimal therapeutic synergy is achieved when
intra-peritoneal heated chemotherapy is administered
immediately following maximal cytoreduction,
thereby minimizing trapping of viable peritoneal tu-
mors cells in fibrin and post-operative adhesions, and
maximizing kill of tumor cells shed during resection.
Adhesions are lysed during cytoreduction to facilitate
uniform distribution of heated chemotherapeutic
perfusate, maximize direct contact of drug with re-
sidual peritoneal tumor cells, and harness the ad-
vantage of “thermo-chemotherapeutic” anti-tumor
synergism.

Bristow et al. showed that using a hyalu-
ronate-carboxymethylcellulose (HA-CMC) barrier for
prevention of pelvic adhesion formation in women
undergoing primary cytoreductive surgery with rad-
ical oophorectomy for locally advanced epithelial
cancer is associated with a significant reduction in the
extent and density of pelvic adhesion [53]. It might
also be possible that, in the future, a patient who un-
dergoes primary resection of a colon cancer and is
found to have high-risk features, such as local PSM,
that the operation is completed, HA-CMC applied to
the viscera prior to abdominal closure, and the patient
subsequently referred to a center of excellence in PSM
for subsequent second look operation and cytoreduc-
tive surgery + HIPEC.

New diagnostic and therapeutic options

Knowles and Wu recently published a provoca-
tive report stating that Immuno-positron emission
tomography (Immuno-PET) might provide a
non-invasive approach, for obtaining target-specific
information useful for titrating doses of radioim-
munotherapy, for patient risk stratification and selec-
tion of targeted therapies, evaluation of therapeutic
response, and for predicting adverse treatment effects
[54]. Clinical implementation of Immuno-PET may
indeed advance precision medicine. A validated gene
expression signature that may predict recurrence in
patients with early stage CRC was recently described
[55].Levine et al. compared genetic profiles of patients
with peritoneal metastases from colorectal and ap-
pendiceal primaries [56]. Efforts such as these and
next generation sequencing of human tumor speci-
mens may become an integral part of precision medi-
cine, specifically clinical decision support systems that
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may risk stratify patients and individualize applica-
tion of second look laparotomy and CRS + HIPEC as
well as yield agent specific predictions of targeted
systemic therapy response.

Conclusions and future aspects

Approximately 50% of patients who develop
PSM from CRC may have curative multi-modality
treatment including complete resection of all grossly
apparent disease. Studies of patient with high-risk
clinical and pathological features undergoing second
look laparotomy have an incidence of PSM exceeding
50% following resection of the primary tumor. Un-
fortunately PSM cannot be detected pre-operatively in
asymptomatic patients, as current diagnostic tests
and/or standard imaging platforms lack sufficient
sensitivity [2]. Factors identifying patients at high risk
for peritoneal dissemination of CRC have been de-
scribed and treatment guidelines suggested by Sug-
arbaker and the French Group [12, 23].Patients un-
dergoing complete CRS + HIPEC (RO-resection)have a
2-year survival of up to 60%. Cytoreductive surgery,
HIPEC and systemic chemotherapy are not competi-
tive therapies - a fact emphasized in France based on
broad a multi-modality therapeutic paradigm incor-
porated into the French Guidelines [23]. In Germany it
will be integrated in to the treatment Guidelines as a
therapeutic option in 2012. Patient selection is key to
maximizing oncological benefit over aggregate risk of
multiple treatment modalities (CRS + HIPEC + sys-

temic therapy). Clinical decision support systems
based on specific clinical, pathological, biomarker and
patient data will ultimately facilitate risk stratifica-
tion, further enable patient selection for second look
laparotomy and individualize multi-modality therapy
in patients with PSM in CRC. [57]

Combining different methodological approaches
in the future will also be of great value. Imnmuno-PET
antibody-based imaging will make possible detection
of cell surface tumor biomarkers [54] and enhance the
accuracy of multi-modality treatment response as-
sessment. This diagnostic imaging platform will pro-
vide detailed determination of minimal residual dis-
ease as well as sub-clinical recurrence in patients with
PSM CRC and fulfill an unmet need in functional di-
agnostic imaging. Novel diagnostic imaging plat-
forms coupled with clinical decision support tools will
make precision medicine possible for patients with
PSM of CRC origin. This will efficiently and effec-
tively direct efforts incorporating systematic second
look surgery to maximize therapeutic benefit inpa-
tients at risk for PSM, or in those asymptomatic pa-
tients with early PSM from CRC [26].

We suggest using an effective and comprehensi-
ble algorithm in treating patients suffering from pri-
mary colorectal carcinoma (Figure 1) as well as sec-
ondary colorectal carcinoma patients or those who
had been selected already for 2nd look operation (Fig-
ure 2).

Primary Staging and Risk Stratification

Figure |I: CRC - PRIMARY DIAGNOSIS
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Figure 2: Resected CRC / Considered for 2nd Look in High Risk for PSM
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