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Colorectal carcinomas in 2014: The search for
powerful prognostic markers is still on the go!
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Abstract. Colorectal cancer (CRC) is the third cause of cancer worldwide after prostate cancer and breast cancer. Patients have
a survival rate of 5 years, which varies between 10 and 95% depending on CRC stage. Today, the management of patients with
CRC is based on parameters such as TNM and classic histologic parameters, but new molecular and cell markers have been
created to improve treatment and survival. Determining the expression of a characteristic set of genes either from formalin-fixed
R
c ColoPrint
) has led to encouraging results,
paraffin-embedded tissue (Oncotype DX testTM ) or from fresh tissue (AGENDIA
but there is a need for clinical validation on a large number of patients. Also, next-generation sequencing (NGS) technologies
may be the next step in the molecular approach of CRC tumor samples, allowing tumor characterization by gene signature arrays.
In addition to molecular markers, evaluation of the presence of cellular markers such as circulating tumor cells (CTC) in the blood
of patients with CRC can optimize prognostic evaluation and response to treatment. CTC isolation methods used today have
different sensitivities and specificities, due not only to the very small number of these cells but also to the epithelial-mesenchymal
transitional process (EMT). This paper presents the preliminary results of our study conducted on CTC isolation in patients with
R
). This fast and efficient method identifies CTCs and also isolates cells in EMT,
CRC by filtration method (Screencells Cyto
which explains its high efficiency compared to technologies based on immunomagnetic and microfluidic separation reliant on
EpCAM presence on the cell surface.
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1. Introduction
Cancer is the result of the accumulation of genetic
abnormalities in tumor cells. In solid tumors, we now
know that an average of 100 alterations is present in tumor cells. Only a dozen key alterations are needed for
the survival, growth and progression of a malignancy
(i.e., driver mutations) while other anomalies are related to the genetic instability present in tumor cells
(i.e., passenger mutations).
Although advances have been made in colorectal
cancer biology, the complexity of the dysfunctions in∗ Corresponding
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duced by these genetic alterations explains why, in
2013, management of these cancers is still based on
morphological analysis (reflecting genetic abnormalities) and clinical staging (considered to be the gold
standard of prognostic markers). However, with the
emergence of new treatments, the need for powerful
prognostic factors is becoming increasingly urgent.
In this presentation, we initially review the major
prognostic factors used in digestive oncology and then
present a new biomarker that could be useful in the
management of these patients.

2. Epidemiology of colorectal cancer
Colorectal carcinoma (CRC) is a major cause of
death in western countries. With an annual incidence
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of 37500 new cases in France, CRC is the third most
common cancer after prostate cancer and breast cancer [5,9]. CRC is the second leading cause of cancer
death after lung cancer, with nearly 17000 deaths annually [5,19]. For all stages combined, the 5-year survival rate varies from 10 to 95% [17].

the visceral peritoneum or adjacent organs (T4); tumors with perivascular or peri-nervous invasion; undifferentiated tumors; fewer than 12 nodes examined;
or the existence of perforation/occlusion at diagnosis. Therefore, the 5-year survival rate of patients with
stage II CRCs with one or more of these factors is similar to that of stage III tumors [16].

3. The TNM grading system
4. Classic prognostic factors
Prognosis is mainly related to the anatomic extent
of the tumor (locally through the digestive wall and
then at distance from the colon-rectum). This extension is currently determined by the TNM (tumor-nodemetastasis) staging system of the International Union
Against Cancer (UICC) and the American Joint Committee on Cancer (AJCC).
This staging allows for the differentiation of localized forms from metastatic cases. For localized tumors,
the risk of local recurrence and/or metastasis varies
from 20 to 30% depending on the presence or absence
of lymph node involvement and the performance of
adjuvant chemotherapy [3,16]. For metastatic cases,
different therapeutic strategies are available depending on the resectable or unresectable character of the
metastatic lesions. Thus, 5-year survival for patients
with resectable metastatic lesions is 35%, while median survival is 15 to 25 months for patients with unresectable metastatic lesions [1].
If the regularly updated TNM classification is the
current reference for prognosis (our gold standard), it
is imperfect, with different evolutionary profiles within
the same stage. Therefore, other clinical, histologic and
molecular factors are being sought to complete this
classification and assist clinicians in treatment decisions.
At diagnosis, the distribution of colorectal cancers
involves 20% at early stage (stage I), 25% at major
parietal invasion stage (stage II) and 30% at nodal
involvement stage (stage III) [4]. Stage I CRCs are
curable after surgical resection [12] with a recurrence
risk of approximately 10% after treatment. Adjuvant
chemotherapy after curative surgery is no longer recommended for stage II tumors (T3-T4N0) [12]. Stage
II cases are generally associated with a favorable
prognosis [30] demonstrating no benefit for adjuvant
chemotherapy. However, these tumors have a relatively
heterogeneous prognosis, with 5-year survival ranging
from 60 to 90% in stage II CRC.
Poor prognostic factors have been identified within
Stage II CRCs, including tumors with involvement of

The R staging system: “R” stage corresponds to tumor status after surgery (residual tumor RT): no microscopic RT = R0; microscopic RT = R1; macroscopic
RT = R2. If R has a strong prognostic value (R1 or
R2), it refers to advanced tumors for which therapeutic management is radically different to localized R0
tumors.
High rates of pre-surgery carcino-embryonic antigen (CEA) serum (> 5.0 ng/mL) have been known for
many years to be a poor prognostic factor, independent
of TNM stage [18,23].
Tumor grade represents the degree of gland formation and allows classification of CRC according to degree of differentiation: well differentiated (grade 1)
to undifferentiated (grade 3). Tumor grade has been
shown to be a poor prognostic factor in univariate and
multivariate analysis [8,16]. Nevertheless, studies have
failed to prove this prognostic association in multivariate analysis [25]. Moreover, histologic classifications
are not homogeneous across studies: classification is
either basic (two-tier system) with “low grade” and
“high grade” or with three to four levels of differentiation. This mainly explains why tumor differentiation
grade is not recommended for therapeutic purposes.
Tumor “budding” (TB) is defined as a budding of
clusters of less than 5 tumor cells or as independent
cells, especially at the tumor invasion front. TB is a
criterion for tumor aggressiveness: it is associated with
lymph node metastasis in univariate and multivariate
analysis (OR = 3.7) [38]. It is also considered to be a
useful and simple histologic criterion predicting metastasis occurrence after curative surgery; however, interobserver variability in its assessment limits its use [24].
Further studies are needed to standardize TB evaluation criteria.
Lymphatic and venous tumoral invasion is a key step
in the development of micrometastases. Venous invasion is a tumor aggressiveness factor but is not systematically mentioned in the pathology report: its detection is sometimes difficult to perform due to fibrosis
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and/or fixation artifacts. Observation variability is often reported and currently there is no reference classification to harmonize its evaluation [11].
Peri-nervous tumoral infiltration is a poor prognostic factor in multivariate analysis (independent factor) [11].
The initially obstructive or perforated state of the tumor also has a potentially prognostic value.
Other factors still under investigation are known for
their potential prognostic impact on CRC, including
intra-tumoral lymphocyte reaction, which could be the
most promising [28,31]. Lymphocyte reaction in contact with infiltrating CRC tumor cells appears to have
a prognostic value greater than TNM [6]. However,
this lymphocyte reaction is frequently associated with
dMMR tumors, as microsatellite instability phenotype
produces abnormal proteins (i.e., neoantigens) that are
likely to be recognized as “no self” proteins by the immune system. This data was missing from the Galon
team’s work [28]. Thus, a French clinical study is underway to validate this new marker (lymphoid grade)
while specifying tumoral MMR status.

5. New prognostic markers
5.1. Molecular markers
Recently, molecular markers have been introduced
in the U.S. for managing patients with CRC. The
c is baOncotype DX testTM (GENOMIC HEALTH)
sed on the molecular signature of 12 genes detected
by RT-PCR on formalin-fixed paraffin-embedded tuR
c ColoPrint
test is based
moral tissues. AGENDIA
on the RNA profile obtained from fresh/snap-frozen
specimen or preserved in a special preservative soluR
. These molecular tests (which
tion such as RNAlater
do not share the same signature genes) need further
validation in studies covering a large patient series.
Next-generation sequencing NGS technologies may
be the next step in a molecular approach for CRC tumor samples. NGS will allow tumoral characterization
with prognostic and predictive values: gene signature
arrays (involving the main targeted therapy pathways
such as EGFR pathway) are under development.
5.2. Circulating tumor cells
Metastases generally result from the hematologic
spread of disease [32]. Therefore, detection of tumor
cells (i.e., circulating tumor cells CTC) in peripheral

147

blood seems interesting in terms of prognosis. Several
studies of different cancers have shown that the presence of CTC is associated with worse prognosis [13–
15,29].
A large U.S. study of 430 patients demonstrated the
value of CTC detection in metastatic colorectal cancer (mCRC) by showing a link between the presence
of CTC and reduced disease-free survival [10]. In multivariate analysis, including lymph node involvement
and vascular invasion, the presence of perioperative
CTC appears as an independent predictor of recurrence with a hazard ratio of 29.5 (95% CI, range 10.3
to 87.8) [36,37,40,41]. Finally, a recent (2010) metaanalysis of 36 studies demonstrated that CTC detection had a negative influence on overall survival and
disease-free survival in a series of over 3000 patients
with stages I to IV CRC [34].
This new biomarker is potentially interesting, not
only in terms of prognosis but also for early detection of recurrences and assessment of the sensitivity of
CRC to chemotherapy.
CTCs reflect the hematologic spread of disease.
These CTCs arise from the primary tumor [32] at the
earliest stages of vascular invasion and spread daily
in the blood as “tumoral seeding” [7]. CTCs have acquired a particular phenotypic profile (by undergoing
EMT), which allows them to migrate and circulate in
the peripheral blood. While they mostly disappear (by
apoptosis or by action of the immune system), a small
proportion survives in the blood circulation and then
locates in the bone marrow, liver, lungs, etc. Within
these target organs [35], CTCs may:
– Stay quiescent (G0 phase, dormancy [2],
– Turn to micro-metastases,
– Spread again into the blood stream,
– Be destroyed.
On a technical level, the challenge is to identify rare
tumor cells among 10 million leukocytes and 5 billion erythrocytes in 1 ml of blood [32]. The problem
is complex because not all CTCs have the ability to
become metastatic and the sensitivity and specificity
of the techniques available vary. These techniques are
used to define CTCs based on their morphological
appearance associated with immunostaining (EpCAM
antibody) or by molecular analysis (RT-PCR) detecting
tumoral mRNA (CEA, cytokeratins) [27,32].
R
laboratory (Paris – France) has develoScreenCell
ped an isolation-by-size technique to detect CTCs [14].
Circulating blood cells are among the smallest cells in
the body (< 8 µm). Filtering the blood through a membrane whose pores are calibrated to 8 µm can elimi-
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nate them. After filtration, the remaining cells present
on the membrane are then morphologically analyzed to
assert their tumoral nature. This simple and rapid technique does not require expensive equipment (a singleuse device) and can be used easily in routine practice.
The feasibility of this detection method was evaluated in various cancers, including breast carcinomas [33], hepatocellular carcinomas [39] and nonsmall cell lung carcinomas [20–22], by filtration usR
system – Metagenex –
ing a similar process (ISET
Paris), and the same filters with 8 µm pores but associated with a filtration device.
However, to our knowledge, no study has evaluated
this method in mCRC. The primary aim of this study
was to demonstrate the feasibility of CTC filtration in
a clinical situation.

6. Material and methods
A sampling of peripheral venous blood was performed on 39 patients with mCRC before starting
chemotherapy regimen. For cytology, 4 ml of blood
R
were filtered using 4 Screencells Cyto
devices. After staining with hematoxylin, each filter was analyzed
by a cytopathologist. Cells visualized on the filter were
considered tumoral if they met the following morphological criteria: nuclear diameter > 7 µm, anisocytosis,
membrane irregularities, and the presence of large nucleolus. Immunostaining with pancytokeratin, CDX2
and EpCam antibodies was also performed on the filters.

CTC in mCRC patients. CTCs undergo EMT; thus, it
is important to choose the right antibody for their characterization. This finding could also explain why microfiltrating approaches seem to be more efficient than
technologies based on immunomagnetic or microfluidic separation, which rely on the presence of EpCam
antigen at the surface of the CTC.

9. General conclusion
In 2014, patients with colorectal cancer are still easily managed using tumor-node-metastasis staging and
histopathological criteria (i.e., “gold standards”). Nevertheless, in an age of personal medicine with targeted
therapies, the search for new strong prognostic and predictive markers is ongoing. For metastatic colorectal
cancer patients, circulating tumor cells, which are easily detected and are characterized using simple and efficient microfiltrating technology, could be one of these
markers, offering both morphological and molecular
characterizations.
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