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Abstract

Approximately half of all patients with colorectal can-
cer develop local recurrence or distant metastasis dur-
ing the course of their illness. Recently, the molecular
detection of metastatic cancer cells in various types
of clinical samples, such as lymph nodes, bone mar-
row, peripheral blood, and peritoneal lavage fluid, has
been investigated as a potential prognostic marker.
The prognostic value of molecular tumor cell detec-
tion was independent of the type of detection method
used. As assays become more sensitive and quantita-
tive, a more thorough assessment of the cancer status
of patients will be based on molecular markers alone.
At present, it is difficult to conclude that one specific
molecular marker is superior to others. Comparative
analyses are recommended to assess the prognostic
impact of molecular analyses in the same patient and
determine the biomarkers that provide the most accu-
rate prognostic information.
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Core tip: We focus on methods of the detection of mo-
lecular changes in metastatic colorectal cancer cells,
and describe the characteristics for the methods, such
as DNA methylation, mRNA, microRNA, immunomag-
netic separation, protein and cancer-associated mu-
tations. Moreover, we review the clinical significance
according to the type of samples, such as blood,
lymph node, bone marrow and peritoneal lavage fluid.
At present, it is difficult to conclude that one specific
molecular marker is superior to others. Comparative
analyses are recommended to assess the prognostic
impact of molecular analyses in the same patient and
determine the biomarkers that provide the most accu-
rate prognostic information.
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INTRODUCTION

Colorectal cancer (CRC) is a common cause of morbidi-
ty and mortality". The 5-year survival rate of this disease
is approximately 90% for patients with localized disease
and approximately 66% for patients with regional dis-
ease, as determined at diagnosis[z"ﬂ. The incidence of dis-
ease recurrence is 25% in the absence of regional node
involvement, suggesting that conventional pathology
may fail to detect occult nodal metastasis™. Most deaths
from cancer are caused by metastatic disease, and the
prevention of subsequent metastasis is now the focus of
clinical research in this field”. The early spread of tumor

July 21, 2014 | Volume 20 | Issue 27 |



Kamiyama H et a/. Molecular biomarkers for metastatic CRC cells

Table 1 Sensitivities and specificities of various studies that

took blood samples 7 (%)

Source Method Marker Sensitivity Specificity  Ref.
Serum  MSP  CDKN2A (pl6) 14/52(27)  44/44(100) [32]
Serum RT-PCR CEA 51/121 (42)  27/33(82) [56]
Serum RT-PCR CK20 22/99 (22) 150/150 (100) [38]
Serum  qPCR miR-92 80/90 (89)  35/50 (70) [84]
Serum CellSearch ~ EpCAM 20/74 (27) 228/246 (93) [88]
Serum  CLIA CEA 188/429 (44) 1847201 (92) [112]

MSP: Methylation-specific polymerase chain reaction; qPCR: Quantitative
reverse transcription polymerase chain reaction (RT-PCR); CLIA: Che-
miluminescence immunoassay; CEA: Carcinoembryonic antigen; CK20:
Cytokeratin 20; EpCAM: Epithelial cell adhesion molecule.

cells is usually not detected by the imaging technologies
currently available. Metastasis-specific markers are also
urgently required to help in delineating the spread of
disease to neighboring tissues, lymph nodes (LNs), and
distant parts of the body'”.

Molecular biomarkers have also been used to detect
metastatic cancer cells in peripheral blood samples, bone
marrow (BM), LNs, or peritoneal fluid®”. Tumor cells
detected in the peripheral blood are called circulating
tumor cells (CTCs). The precise role of CTCs detected
in patients with metastases remains unknown. Some of
these CTCs may be transiting from the primary tumor to
sites of future metastasis, indicating that metastasis is in
progress. Alternatively, the detected CTCs may primarily
be innocent bystanders that simply reflect a high meta-
static burden or aggressive disease. The latter theory
would explain the fact that the detection of CTCs is as-
sociated with poor outcome in patients with metastatic
CRC". Tumor cells located in the BM are termed dis-
seminated tumor cells (DTCs). Evidence indicates that
the BM is the common organ to which tumor cells from
many types of carcinomas migrate. It can be speculated
that the BM also forms an important reservoir of tumor
cells, from which these cells may recirculate into other
distant organs where better growth conditions may ex-
ist (such as the liver or lungs)™"). The pivotal roles of
biomarkers of LNs may help in identifying patients with
node-negative CRC who are at a high risk of tumor re-
currence and who may benefit from adjuvant therapy' .
Peritoneal dissemination in patients with CRC is less
frequent; therefore, from a prognostic perspective, it is
considered less important compared with LN and liver
metastasis . However, the incidence of peritoneal seed-
ing during potentially curative surgery for primary CRC
reported in a series of 12 patients varied widely from 3%
to 28%, which may be explained by differences in the
methods used for tumor cell detection!>"".,

In this review, we will focus on the different types of
molecular biomarkers of CRC that can be used for the
detection of metastatic cancer cells and discuss their po-
tential as prognostic markers of CRC.

MOLECULAR BIOMARKERS OF CANCER

Alteration in gene sequence and expression levels and
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protein structure or function can be used as molecular
biomarkers to detect cancers at an carly stage, determine
prognosis, and monitor disease progression or thera-
peutic response'. Molecular biomarkers are defined as
markers detected using molecular detection techniques
such as immunohistochemistry or polymerase chain re-
action (PCR).

Molecular tests usually begin with the preparation of
a DNA, RNA, or protein extract from a clinical sample.
The ratio of neoplastic cells to normal cells varies con-
siderably from one clinical sample to another. It is dif-
ficult to isolate specifically neoplastic cells on the basis
of clinical sample analysis, considering that samples are
often composed primarily of cellular debris and free
substrates (such as DNA, RNA, and protein). Therefore,
clinical samples are frequently a heterogeneous mix of
normal and cancer cells, DNA, RNA, and proteinl15J
Two of the most important factors in determining the
efficiency of a molecular marker assay are sensitivity
(7.e., the minimal amount of the substrate that can be
detected) and specificity (Ze., the percentage of assays
that correctly distinguish normal from cancer-containing
samples). The sensitivities and specificities reported in
various studies that used molecular methods to analyze
blood samples are shown in Table 1. In general, there is

a trade-off between sensitivity and specificity™”.

METHODS OF DETECTION OF
MOLECULAR CHANGES IN METASTATIC
CRC CELLS AND THEIR CLINICAL
SIGNIFICANCE

DNA methylation

One of the most promising types of markers is based on

the detection of hypermethylation of promoter regions
[6,16-18

). Many types of cancer
cells use this mechanism to inactivate tumor suppressor
genes''*"”*. This assay can detect approximately one
cancer cell among 1000 normal cells, a sensitivity that is
sufficient to detect tumor DNA in most body fluids”*¥,
DNA methylation profiles represent a more chemically
and biologically stable source of molecular diagnostic
information compared with RNA or most proteins'**.
Cancer-specific DNA methylation patterns can be found
in detached tumor cells in bodily fluids and biopsies
and in free-floating DNA released from cancer cells®'’.
The methylation biomarker studies performed till date
varied in methylation targets, source of DNA, and type
of tumor™", If a patient with CRC tests negative for
a methylation marker in a tumor as well as in a remote
sample, the result is classified as false-negative for disease
detection. Therefore, researchers need to choose multiple

target genes that are reportedly methylated with different
[18.26]

of cancer-associated genes

frequencies in tumors and rarely in normal tissues

Serum (peripheral blood): Cancer patients exhibit el-
evated levels of free DNA in their blood because of a high
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Figure 1 Outline of quantitative methylation-specific polymerase chain reaction analysis in peritoneal lavage. The depth of invasion and subsequent in-
creased likelihood of tumor cells exfoliated from colonic serosa is reflected in the presence of tumor-related methylated DNA in peritoneal cavity. In quantitative
methylation-specific polymerase chain reaction (PCR) step, the DNA polymerase cleaves only probes that are hybridized to the target. Cleavage separates the re-
porter dye (R) from the quencher dye (Q); resulting in increased fluorescence by the reporter. The increase in fluorescence signal occurs only if the target sequence is

complementary to the probe and is amplified during PCR.

cellular turnover®?’, The circulatory DNA from blood or
other body fluids can be captured easily, and the status of
DNA methylation at vatious gene promoters can be deter-
mined using various methods" """, Nakayama e# al™ dem-
onstrated that methylated p76 is detectable in the serum
of 69% patients with recurrent CRC. Several studies have
addressed whether gene promoter methylation can be used
to detect prevalent CRC using DNA recovered from the
plasma or serum!””. The presence of detectable tumor
DNA in the plasma or serum is generally associated with
a poor prognosis”****, Wallner ¢z a/** identified HPP1,
HILTF, and AMILHT as promising methylation markers in
the serum of patients with CRC because these genes are
not methylated in the serum of healthy controls and are
methylated more frequently in metastatic disease than in
local disease.

Peritoneal lavage fluid: Few studies have addressed gene
methylation for the detection of micrometastasis to the
peritoneal fluid in patients with gastrointestinal cancer™
We first reported the prognostic relevance of the detec-
tion of methylation of tumor-related genes in the peri-
toneal lavage fluid (PLF) of patients undergoing resec-
tion of CRC (Figure 1). The methylation pattern of the
promoter of four target genes, CDH7, CDKIN2A (p16),
MGMT, and APC, was examined in 51 primary CRCs
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and the corresponding matched PLF DNA. The relative
methylation levels of these genes in primary CRC tissues
and paired PLF samples were assessed by quantitative
methylation-specific PCR. An aberrant methylation of
at least one gene was found in 45 out of the 51 (88%)
primary tumors. In the PLE, the frequencies of aberrant
promoter methylation were 16% for CDHT, 2% for p16,
4% for MGMT, and 24% for APC. Patients with PLF
samples that exhibited methylation of more than one of
these four target genes had a significantly shorter relapse-
free survival™,

mRNA (cDNA)

CRC cells show marked changes in the expression of
many genes at the mRNA level”. One of the most com-
mon approaches used to identify and quantify mRNA
levels in clinical samples is reverse transcription PCR
(RT-PCR)". Cytokeratin (CK) mRNA is a common
marker of epithelial cells™. Many target genes have been
previously used to detect micrometastasis from CRC, in-
cluding carcinoembryonic antigen (CEA), MUC1, CK-8,
CK18, CK19, and CK20. There is no specific marker of
CRC, and the detection of disseminated neoplastic cells
is based on epithelial markers such as CK20 and CEA.
CK20 mRNA is considered to be a reliable target for the
detection of disseminated CRC cells, and the frequency
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of false-positive results is reportedly lower (0%-8%)
for CK20 mRNA than for CEA mRNA (0%-33%)"",
It is important to remember that the altered expres-
sion of some of these genes has also been reported in
normal cells, leading to false-positive results®”. To solve
this problem, more quantitative analysis may eventually
determine a cut-off level for differentiating between
cancer and normal cells””. Although the isolation of
intact RNA from bodily fluids and tissue samples is also
possible, it generally requires cumbersome efforts to

neutralize ubiquitous RNase enzymes'”.

Serum (peripheral blood): A meta-analysis of nine stud-
ies performed between 1998 and 2006 showed that patients
with CTC positivity detected using RT-PCR of blood
samples collected from the tumors’ drainage veins corre-
lated more with LN positivity (50%) than with LN nega-
tivity (21%). Furthermore, hepatic metastasis was found
more often in CTC-positive patients (21%) than in CTC-
negative patients (8%) S\ systematic review that eval-
uated CTCs after surgical resection of CRC and summa-
rized its characteristics found that 14 reports fulfilled the
inclusion criteria”**"). The mean CTC detection rate
was 33.4%. Moreover, there were no differences among
studies that obtained perioperative, early postoperative,
and late postoperative samples or among studies that
included patients with early-stage disease only, curative
patients only, and patients with disease in all stages. The
reported studies showed that perioperative CTC levels
were not useful for predicting CRC recurrence’. The
presence of CTCs in the peripheral blood at least 24 h
after CRC resection is an independent prognostic marker
of recurrence’”. The sensitivity and specificity of target
PCR amplification in CRC patients and control subjects
were 22%-83% and 76%-100%, respectivelym’%m].

LNs: To determine the spread of disease, many stud-
ies have attempted to detect CK mRNA in the LNs of
patients with cancer using RT-PCR***, Tsolated tumor
cells or micrometastases within regional LNs that are not
detected via conventional histopathological examination
(hematoxylin and eosin staining) have been suspected
to be markers of systemic tumor spread in these pa-
tients' . Tumor-specific changes in mRNA expression
were detected in one or more LNs in 20%-54% patients
with node-negative tumors that could potentially be
upstaged to Dukes’ grade C*"***** The detection of
mRNA transcripts encoding CEA in the LNs of patients
with stage I CRC has been reported to predict out-
come; the adjusted 5-year survival rate was 41% lower
in the group with nodal micrometastases®”. Micrometa-
static LNs metastases identified by RT-PCR were consis-

tently found to be prognostically signiﬁcant[w].

BM: CK20 is the most commonly used marker in RT-
PCR analyses of BM samples from CRC patients, with
six studies published till date™™7. In three of those
studies, the number of patients investigated was more
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than 100, with DTC detection rates of 11%-35%"""",
The CK20 detection rate in healthy controls ranged be-
tween 0% and 10%. Four groups found an association
between the presence of CK20 transcripts and poor
overall survival (OS) ra,

PLF: Guller ¢z a/’” evaluated the clinical relevance of re-
al-time quantitative PCR (qPCR) detection of CEA and
CK20 transcripts in the PLF and blood from patients
undergoing surgery for CRC and found that it was po-
tentially related to tumor-cell dissemination. Among 39
patients with CRC, 11 had at least one sample that was
positive for CEA or CK20. Six patients had evidence
of disseminated CRCs before resection, whereas 10 had
evidence of disseminated CRCs after resection. CEA
qPCR amplification was detected in eight patients, and
CK20 qPCR amplification was detected in 10 patients.
Nine of the 11 PCR-positive patients developed recur-
rence (five distal metastases and four local metastases)
after an average follow-up of 12 mo, whereas only two
of the 28 qPCR-negative patients developed recurrence.
In seven patients, disseminated CRCs were found in the
PLF but not in the blood; five of these patients (71%0)
developed recurrence.

MicroRNAs

MicroRNAs (miRNAs) are small (18-24 nucleotides)
RNAs that regulate the translation and stability of spe-
cific target mRNAs"™. The deregulation of specific miR-
NAs contributes to a variety of diseases, most notably
the development and progression of cancer, including
CRC™. Once thought to be unstable RNA molecules,
miRNAs are now known to be stably expressed in serum,
plasma, urine, saliva, and other body fluids®". Biochemi-
cal analyses indicate that miRNAs are resistant to RNase
activity as well as extreme pH and temperature[ghgﬂ. The
enormous potential of circulating miRNAs as an ideal
class of cancer biomarkers is based on certain facts. First,
they are remarkably stable molecules, well-preserved in
harsh conditions, and resistant to RNase activity. Second,
their expression profiles are specifically correlated with
certain types of cancer or pathognomonic conditions.
Third, they are easily accessible and can be sampled in a
relatively noninvasive manner and readily detected using
various techniques[gq

Serum (peripheral blood): Circulating miRNAs can be
detected in the serum!™™". Ng et al™ were the first to
report that circulating miRNA levels in plasma are dif-
ferent between CRC patients and controls. In a popula-
tion of 90 patients and 50 controls, the authors found
that miR-92 was expressed at higher levels in the plasma
of patients and that it could distinguish patients from
healthy controls with 70% specificity and 89% sensitiv-
ity The expression of miR-92 decreased after surgi-
cal tumor resection, suggesting that the circulating levels
of miRNAs may be a useful marker of disease recur-

rence™. A similar study found that the circulating levels
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of miR-141 were elevated in metastatic CRC and that its
expression was associated with poor prognosis, suggest-
ing that this miRNA may be used in conjunction with
CEA to detect CRC with distant metastasis’ .

Immunomagnetic separation

The immunomagnetic separation method using the
CellSearch® System (Veridex LLC, Raritan, NJ, United
States) gained approval from the United States Food and
Drug Administration in 2004 for application in cases of
metastatic breast cancer, and it has now been approved
for application in cases of metastatic prostate cancer and
CRC®*. The CellSearch system detects CTCs accord-
ing to the presence of the following characteristics: a
round-to-oval shape by light scatter; an evident nucleus
by 4',6-diamidino-2-phenylindole staining; epithelial cell
adhesion molecule positivity (EpCAM"); and CK8",
CK18", CK19", and CD45 status by immunofluores-
cence. This method is more efficient in terms of sample
size and processing time compared with other CTC en-
richment methods. However, it is limited by its require-
ment of EpCAM expression; therefore, it potentiates
false-negative results” .

Plasma (peripheral blood): The CellSearch® system
is the most advanced commercially available technol-
ogyp’”]. Cohen ¢z a/™ published one of the largest stud-
ies of CTCs in metastatic CRC (mCRC). This study
included 430 patients with mCRC who were recruited at
55 clinical centers in the United Kingdom, Netherlands,
and United States, and it was performed using the Cell-
Search® system™. Patients were eligible to participate in
the study if they were being administered a new first-,
second-, or third-line systemic chemotherapy regimen.
The peripheral blood of patients was collected before
treatment initiation and at four time points after treat-
ment initiation. For analysis, patients were categorized
into favorable (< 3 CTCs/7.5 mL of blood) or unfavor-
able (> 3 CTCs/7.5 mL of blood) groups”*., The study
showed that, relative to the baseline values, the median
progression-free survival (PEFS) and OS rates of patients
in the favorable group (PFS = 7.9 mo; OS = 18.5 mo)
were approximately twice those of patients in the unfa-
vorable group (PFS = 4.5 mo; OS = 9.4 mo)"”.

Protein

Several protein-based assays have also been developed to
detect cancer cells™ . Most of these are antibody-based
assays, although many new approaches are being devel-
oped. Protein-based assays typically detect proteins that
are overexpressed or structurally altered in cancer cells
compared with those in normal cells. These approaches
are generally used in research settings and are not yet ap-
plicable to larger clinical studies. The expression levels
of CEA are commonly used to monitor colon cancer
progression'”. The expression of protein markers for
CRC is increased in the serum of patients with other
cancers and is occasionally increased in patients without
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disease, precluding their use as individual agents for can-

G
cer screemng[ ],

Serum (peripheral blood): CEA is a high molecular-
weight glycoprotein that belongs to the immunoglobulin
superfarnily[sgl. The carboxy terminal of CEA contains
a hydrophobic region that is modified to provide a gly-
cosyl phosphatidylinositol link to the cell membrane.
Although its presence can be determined in biopsy sam-
ples, it is usually identified in the serum. Specifically, high
CEA levels are associated with cancer progression, and
the levels of this marker are expected to fall after cancer
surgery[”’o”. However, in the absence of cancer, high
CEA levels may also be observed in response to other
conditions such as hepatitis, inflammatory bowel disease,
pancreatitis, and obstructive pulmonary disease. Clini-
cally, the potential value of the CEA test lies in its use
as a prognostic marker that can be used to measure the
course of cancer progression after diagnosis, with higher
CEA levels being indicative of greater disease severity
and poorer prognosislgg’gzj.

LNs: The choice of antibody used for IHC is an im-
portant factor for the accurate identification of occult
disease. AE1/AE3 (DAKO, Carpinteria, CA, United
States) is the most widely used antibody for IHC analysis
of LNs from CRC patients[w]. This polyclonal antibody
is raised against several CKs, including CK19". Studies
that used IHC to detect occult disease reported diverse
methodologies and design. The sample size included in
these studies ranged from 32 to 147 patients; therefore,
none were well powered to detect smaller but potentially
significant metastases’

BM: Most studies describing ICC for the detection of
DTCs in CRC patients have either used the monoclonal
antibody CK2 against CK18 or the pancytokeratin anti-
body A45-B/B3". The DTC detection rate in studies
that used CK2 was between 16% and 32%"'" whereas
the detection rate was higher (24%-55%) in studies that
used the A45-B/B3 antibody“m’m[ﬂ. Both antibodies
rarely detected CK-positive cells in the BM of noncan-
cer controls (0%-5.5%)"". Flatmark e a/™ reported the
detection of DTCs in 41 (17%) and 28 (12%) of the 235
BM samples examined by immunomagnetic selection
and ICC, respectively.

PLF: A variety of monoclonal antibodies have been used
for the detection of disseminated single CRCs in the
peritoneal cavity, including Ber-Ep4, CA19-9, CAMb5.2,
CIP83, Ra96, and C54-0. Bosch e a/""” used a combina-
tion of three monoclonal antibodies (Ks20.8, Lu5, and
Ber-Ep4) to perform ICC. The rate of detection of dis-
seminated CRCs in the PLF ranges from 10% to 67%
and from 17% to 29% using 1CC alone or in combina-
tion with CY'T, respectively. Bosch ez al"™ showed that
15% and 11% washing samples taken before and after
resection, respectively, tested positive by CY'T, and that

July 21, 2014 | Volume 20 | Issue 27 |



Kamiyama H et a/. Molecular biomarkers for metastatic CRC cells

Table 2 Comparison of biomarkers for detection of metastatic colorectal cancer cells

Marker Stable Amplifiable Widely reported FDA approval False negative False positive Ref.
DNA methylation . . . [16]
mRNA . ) . 7]

Micro RNA ) . [81]
CellSearch (EpCAM) ° . . [39]
Genetic mutation . . [15]

EpCAM: Epithelial cell adhesion molecule; FDA: Food and Drug Administration.

17% and 13% samples, respectively, tested positive by
the combined method"”. The best monoclonal antibody
(or combination of antibodies) for the detection of dis-
seminated CRCs has not been defined.

Cancer-associated mutations

Genetic mutation analysis is useful not only for detect-
ing cancer in patients but also for monitoring disease
spread and determining prognosis. In 1995, it was first
reported that TP53 mutations could be used to follow
tumor spread into margins and the draining LNs of
patients with head and neck cancet”. K.-RAS and TP53
mutations are detected in the LNs of CRC patients with-
out histological evidence of nodal metastasis. Mutations
in K-RAS are observed in approximately 40% patients
with colon tumors. Currently, mutations in K-RAS are
not being used for the early detection of metastatic can-
cer cells; however, they have significant implications in
predicting the likelihood of response to antibody-based
EGPFR inhibitor therapy[%’l%].

LNs: Studies performed on patients with CRC showed
that the presence of a tumor-specific KRAS or TP53
mutation in LN samples predicted poor outcome.
Hayashi ez "™ screened the LNs of patients without
histological evidence of nodal metastasis for KRAS and

p53 mutations!”.

DISCUSSION

Once primary tumors are resected, metachronous me-
tastases must arise from tumor cells that disseminate to
ectopic sites before surgery. Systemic therapy primarily
targets tumor cells that have detached from the pri-
mary lesion, have lodged elsewhere, are undetectable
by clinical imaging, and are inaccessible to excision”.
Therefore, metastasis-specific markers are required to
accurately diagnose the existence of metastatic cancer
cells. Numerous studies have demonstrated a more ac-
curate prediction of the prognosis of patients using
various immunological and PCR-based assayslm]. Each
molecular method has advantages and disadvantages
(Table 2). At present, it is difficult to conclude that one
specific method is superior to others. Assessment of the
independent prognostic impact of molecular analyses
in different compartments within the same populations
using comparative analyses to determine the biomarkers
that provide the most accurate prognostic information
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. . .. . Lo
remains a subject of additional 1nvest1gzlt1onl 1

CTC detection may be useful for CRC patients re-
ceiving chemotherapy. Sequential peripheral blood analy-
ses are more acceptable compared with other resources,
and many research groups are currently assessing the
clinical value of CTC analyses for therapy monitoring in
clinical studies'"”. Monitoring of peripheral blood during
and after systemic adjuvant therapy for CTCs may pro-
vide unique information for the clinical management of
individual cancer patients and allow an early change in
therapy, years before the appearance of overt metastasis
signals that are incurable. That is, if CTC levels do not
drop, systemic treatment may not be effective.

The molecular detection of tumor cells in regional
LN is associated with an increased risk of disease recut-
rence and poor survival in patients with node-negative
CRC", These data may favor molecular or cellular bio-
markers to tailor adjuvant chemotherapy in patients with
node-negative disease'''.

In patients with breast cancer, the clinical significance
of CTCs in the peripheral blood is less clear than that of
DTCs in BM"). Conversely, a meta-analysis that targeted
CRC patients showed that the significance of CTCs in
the peripheral blood is much clearer than that of DTCs
in BM"™. The aspiration of BM is invasive, time con-
suming, uncomfortable for the patient, and difficult to
standardize in terms of sample quality. Another major
limitation is that BM aspiration is not easy to perform
during control visits at outpatient centers, which ham-
pers repeated analyses' . The use of DTCs in patients
with CRC may provide limited information for their
clinical management.

The potential of peritoneal lavage to improve out-
comes is most important for the selection of patients
for adjuvant chemotherapy who present with seemingly
early-stage disease and who would not otherwise receive
chemotherapy. Second, intraperitoneal chemotherapy
may be advantageous as a prophylactic therapy for pa-
tients with positive peritoneal micrometastases’ .

The existence of cancer stem cells in CRC has been
convincingly demonstrated on a functional level. In ac-
cordance with this hypothesis, it has been shown that the
number of tumor cells located at the invasive front that
express high amounts of nuclear beta-catenin, which is a
sign of aberrant Wnt signaling activation associated with
ongoing epithelial-mesenchymal transition and stem-
cell formation, is strongly correlated with metastasis and
poor survival in patients with rectal cancer "',
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CONCLUSION

The ideal biomarker is one that is found in readily avail-
able biological samples and can be noninvasively detect-
ed. Mote reliable molecular markers are required to ac-
curately diagnose the existence of metastatic cancer cells.
Although thousands of papers describing genetic muta-
tions or alterations in gene expression levels associated
with vatious types of cancers ate published each year,
very few of these are translated into reliable molecular
markers that can be used routinely in clinical settings. At
present, it is difficult to conclude that one specific mo-
lecular marker is superior to others. Comparative analy-
ses are recommended to assess the prognostic impact of
molecular analyses in the same patient and determine the
biomarkers that provide the most accurate prognostic
information.
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