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Abstract

Background: Colorectal cancer (CRC) is one of the most common malignancies in developed countries. Research for diagnostic and
prognostic biomarkers is increasing. There are more than 750,000 papers indexed in PubMed directly related to biomarkers. A lot of these
papers claim to report clinically useful biomarkers. Unfortunately, very few serum biomarkers are in clinical use. Materials and methods:
We performed a review for most of the published CRC serum biomarkers in the PubMed, Embase and Web of Science databases. Results:
In total, 119 articles were obtained from the databases, of which 89 articles reporting on CRC serum prognostic markers were considered
as relevant. In these studies, a total of 200 individual tumor markers were obtained. Conclusions: A general approach to understand
how to predict clinical outcomes using risk, diagnostic, and prognostic biomarkers, is needed. In the future, serum biomarkers will drive
advances in risk, diagnosis, and prognosis, they will be the targets of powerful molecular therapies, and they will individualize and optimize
therapy.
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Introduction

Colorectal cancer (CRC) is a worldwide oncological problem
of high medical importance. Delineation of treatment
approachesremainsachallengeforthe medical community.
The wide spread of this disease continues to lead to an
effort to improve prevention, prognostic assessment,
subsequent treatment, quality of life and outcome in these
patients. The diagnosis in many patients occurs too late
in the advanced third and fourth stages of development.
In these advanced stages complications and mortality
are significantly higher, despite all the achievements of
modern medical science and practice. It is anticipated that
earlier detection or secondary prevention will permit more
effective treatment with a better prognosis.

The growing number of scientific publications and the
significant volume of new knowledge about the molecular
and cellular mechanisms involved in the development,
progression and metastasis of the CRC, as well as
mechanisms of metabolism and excretion of xenobiotics,
including applicable therapeutic agents provide a solid
foundation and evidence for the introduction of new
biological markers for screening, diagnosis, prognosis and
prediction of treatment response in these widespread
neoplasms.

A biomarker (or biological marker) is “any molecule or
particle (incl. cell, tissue) that reflects the development of
the disease process” [1].

The term “prognostic factor” is defined as any parameter
which is estimated at diagnosis (or surgical treatment)

and which is associated with the outcome of the disease
(recurrence-free period or overall survival). The term
“predictor” is a defined parameter, which may evaluate
the therapeutic response or lack of response to a specific
therapy.

Biomarker detection in serum or plasma has some
drawbacks. One is the fact that in these fluids are
a heterogeneous mixture of proteins derived from
different tissues is found, making it difficult to attribute
a differentially expressed protein to a tissue-specific
disease. This limitation can result in the identification of
putative protein markers that are not specific for CRC
[2]. Furthermore, in serum a small number of major
proteins (e.g., albumin) are highly concentrated and mask
other less abundant proteins that could be interesting as
biomarkers. One strategy to overcome this problem is to
remove from the serum the most abundant proteins by
using commercial affinity columns designed specifically for
this purpose [3].
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In recentyears, research on a global scale has attempted to
define subsets of biochemical markers that may be useful
predictors of response to treatment (evaluated through
clinical response, toxicity, and time to disease progression)
and prognostic markers to determine the aggressiveness
of the disease and the likelihood of recurrence after
surgery. The science of pharmacogenomics is emerging
as an increasingly useful molecular tool to investigate the
disparityindrugefficacy byanalysis of patientvariablessuch
as genetic polymorphisms in drug targets, metabolizing
enzymes, transporters, and influential receptors [4].

Materials and methods

A review for most of the published CRC prognostic serum
biomarkers in the PubMed, Embase and Web of Science
databases was performed.

Results

In total, 119 articles were obtained, of which 89 articles
reporting on CRC serum prognostic markers were
considered as relevant. In these studies, a total of 200
individual tumor markers were obtained.

Carcinoembryonic antigen (CEA)

CEA is one of the first biomarkers studied in CRC. CEAis a
serum glycoprotein with a molecular weight of 180 kd that
is one of at least 19 related molecules that are members
of the immunoglobulin gene superfamily. As such, CEA
functions as a homotypic intercellular adhesion molecule
that promotes the aggregation of human colorectal
carcinoma cells [5]. CEA may facilitate metastasis of CRC
cells to the liver and lung. CEA is a normal cell product
that is overexpressed by adenocarcinomas, primarily of
the colon, rectum, breast and lung [6]. Smokers have a
higher circulating CEA concentration than non-smokers,
but there are no significant effects of age, sex, or ethnic
group on the normal range. The liver is the major site for
clearance of CEA. Moderate to significant elevations of
serum CEA can be observed in a variety of chronic and
acute inflammatory diseases, including alcoholic cirrhosis,
cholelithiasis, obstructive jaundice, cholangitis, liver
abscess, emphysema, bronchitis, gastric ulcer, gastritis,
diverticulitis, diabetes and collagen vascular diseases [7].
CEAlevel elevations are notunique to CRC, butare observed
in several carcinomas. The majority of the preoperative
CEA studies showed that it was an useful prognostic
indicator. As a postoperative prognostic indicator following
complete surgical resection of colon carcinoma, elevated
plasma CEA levels should return to normal within four to
six weeks [8]. Postoperative elevation of CEA level is an
adverse prognostic indicator. Recently, CEA mRNA levels
have also been found to be useful for the evaluation of
CRC progression, with elevated postoperative CEA mRNA
predicting the presence of micrometastasis [9]. Reducing
the level of CEA after radical surgery is associated with
increased possibilities for survival [10], and higher levels
before and after neoadjuvant therapy may be useful in
assessing associated with complete against the incomplete
clinical response, despite the limited data [11].

A retrospective analysis of 109 patients who underwent
neoadjuvant setting establish a decrease in the values of

the CEA < 2.7 ng/dL after 4 weeks of radiotherapy, without
to be statistically significant for the achievement of
complete tumor regression (95% Cl 0.057-0.484, P = 0.001)
[12] but levels of the marker < 0.5 ng/dL were significant
predictor for clinical complete response and prolonged
overall survival [13].

CA19-9

The CA 19-9 assay measures a tumor-related mucin
that contains the sialylated Lewis - a pentasaccharide
epitope, lacto-N-fucopentose Il [8]. CA 19-9 is produced by
adenocarcinomas of the pancreas, stomach, gall bladder,
colon, ovary and lung, and it is shed into the circulation.
The upper limit of normal for healthy subjects has been
defined by the cut-off value of 37.0 U/mL [14]. CA 19-9 has
become an established marker for pancreatic cancer, but
it is still regarded as a research test for CRC. Numerous
studies have addressed the potential utility of CA 19-9 in
adenocarcinoma of the colon and rectum. The reported
incidence of elevated serum CA19-9 in CRC ranges from
20% to 40% [15]. The incidence of elevated CA 19-9 is
stage-related, with the highest sensitivity occurring in
patients with metastases [16]. However, the sensitivity of
CA 19-9 was always less than that of the CEA test for all
stages of disease [17]. The false-positive rate (> 37.0 U/mL)
is 15% to 30% in patients with non-neoplastic diseases of
the pancreas, liver and biliary tract. Consequently, CA 19-9
cannot be used for screening asymptomatic populations.
Significant post-surgical decreases are observed for CA
19-9, but these decreases have not been correlated with
survival or disease-free interval. However, the CA 19-9
abnormality preceded clinical manifestation of the disease
in only 25% of the cases and provided a median lead time
of only three months [18]. Serum CA 19-9 elevations maybe
observed in as many as 20% to 40% of patients with late-
stage CRC, but cannot be regarded as a diagnostic aid nor
can it be used to detect early stage disease. Progressive
increases of the marker may signal disease progression in
25% of the patients who express the CA 19-9 marker, but
this monitoring provides only a minimal lead time of one
to three months. Monitoring with CA 19-9 has not been
shown to improve the management of patients with CRC.

CYFRA 21-1

Cytokeratin 19 is a proven marker for identifying cancer
cells as CYFRA 21-1 is a fragment of cytokeratin 19. When
comparing the sensitivity and specificity of serum CYFRA
21-1 with that of the CAE and CA 19-9, it was found that the
upper limit of CYFRA 21-1 > 1.13 ng/ml, it has a sensitivity
of 47%, compared to 37% for CEA (= 3.05 ng/m) and 32.6%
for CA 19-9 (= 23.1 ng/ml) in early colorectal cancer. It was
also observed correlation between Dukes' staging and
the three serum tumor markers. In another study it was
found that in the chemotherapy of colorectal cancer with
5-FU, the serum levels of CYFRA 21-1, and other molecular
weight cytokeratins TPA (tissue polypeptide antigen) and
TPS (tissue polypeptide specific antigen) and CEA and CA
19-9 are elevated in patients with poor treatment response
and poor prognosis [19].

Tissue inhibitor of metalloproteinase type 1 (TIMP-1)

TIMP-1 is a multifunctional glycoprotein which inhibits
most matrix metalloproteinases (MMPs). Several studies
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have compared the clinical significance of serum-plasma
MMPs with TIMPs in the diagnosis of CRC, differentiation
between CRC and colorectal adenomas, as well as their
behavior in relation to clinico-pathological parameters
of CRC and to classical tumor markers. The total levels
of TIMP-1 in patients with CRC are significantly greater
when compared to that of healthy blood donors who
have a very narrow range of plasma TIMP-1 levels [20].
More importantly, TIMP-1 is capable of being detected
at early stages of CRC. Conversely, plasma levels of total
TIMP-1 in patients with colonic adenomas, inflammatory
bowel disease or primary breast cancer, do not increase
[21]. Preoperative TIMP-1 levels were proposed as a
stage-independent prognostic biomarker for CRC in two
independent studies [22]. The results of these studies,
however, indicated that elevation of TIMP-1 was restricted
to advanced stages of CRC. Additional studies are required
to validate the use of TIMP-1 for both early diagnosis and
evaluation of the prognosis of CRC.

The potential tumor marker impact of MMPs and TIMPs
has been extensively studied. It was clearly shown by
several authors that MMP-9 and TIMP-1 have significant
potential as biomarkers in CRC. Diagnostic sensitivity of
MMP-9 and TIMP-1 was consistently higher compared with
those of conventional biomarkers (CEA or CA 19-9). Is has
been suggested that MMP-9 and TIMP-1 estimation likely
have the greatest predictive impact when screened as part
of a biomarker panel [23].

In a very recent study, Wilson et al. [24] evaluated the
accuracy of MMP-9 for CRC in an asymptomatic population.
From 748 patients overall, 46 cases of CRC were identified.
Univariate analysis showed that increased serum MMP-9
concentration, demographic characteristics and behavioral
factors were all significantly associated with presence of
CRC. The final logistic regression model had a sensitivity
and specificity of 79% and 70%, respectively.

Higher serum antigen concentrations of MMPs and TIMPs
significantly correlated withtumor stage, nodalinvolvement
and the presence of distant metastases. Previous results
of tissue expressions concluded that MMPs and TIMPs
play an important role in CRC invasion and metastasis,
and they are also activated in premalignant colorectal
adenomas. The increasing serum antigen concentrations
of MMPs and TIMPs coincide with a multistep process of
colonic carcinogenesis. Furthermore, it was suggested that
measurement of MMPs and TIMPs might be useful in the
assessment of preoperative tumor stage [25].

Several studies confirmed that high preoperative serum or
plasma MMPs-2 and-9 and mainly TIMP-1 antigen levels are
strong prognostic factors for patients with CRC and their
determination might be useful for identification of patients
with higher risk for cancer recurrence. Preoperative blood-
levels of TIMP-1 were independent predictors of disease-
free survival in patients with primary resectable CRC [26].

Very recently, Min et al. [27] showed that high serum levels
of TIMP-1 were correlated with CRC liver metastasis and
were significant predictive factors for poor prognosis
following resection of synchronous liver metastasis.

In a pilot study, Pasternak et al. [28] measured MMPs in
postoperative intraperitoneal fluid after rectal cancer
surgery. They found that elevated MMPs-8 and-9 levels
were markers for later development of anastomotic
leakage after surgery. They suggest that MMPs appear to
have an important role in the development of anastomotic
leakage and may be promising pharmacological targets to
protect anastomotic integrity.

The immunoassay kits of MMPs and TIMPs are usually
designed for determination of concentrations in
cell culture supernates, serum and/or plasma. For
quantitative comparison in humans, plasma and/or serum
concentrations are acceptable to use, however the use of
serum MMPs and TIMPs have been previously criticized
duetoitsincreased level compared with plasma estimation
[29].

It is well known that MMPs are stored in macrophage and
neutrophil granules, while most of TIMPs are secreted by
platelets. Therefore, when using serum levels of MMPs
and TIMPs, there are three to five fold higher levels than
in corresponding EDTA or citrate plasma samples. Despite
citrate plasma being the suggested sample of choice
for estimating circulating MMPs or TIMPs [30], serum
sampling may still be useful provided that methods of
collection and processing were standardized [31]. Thus,
one should be aware of the pre-analytical pitfalls to avoid
misinterpretation of data when determining MMP and/
or TIMP levels. Further, when collecting samples it is
recommended after centrifugation to an aliquot and store
samples at —20°C or —80°C or assay immediately. The time
elapsed between blood sampling and centrifugation is
associated with higher serum MMPs levels, with asuggested
seven-fold increase after 2 h [32]. MMPs degrades during
storage, even at —80°C, therefore the repeated freeze-thaw
cycles should be avoided, while TIMPs are stable and can
be frozen/thawed for several times.

It has also been suggested that TIMPs can predict individual
responses to chemotherapy. In the study of Sérensen
et al. [33] ninety patients with metastatic CRC were
included. Plasma TIMP-1 and serum CEA were measured
in samples obtained before the first cycle of first-line
combination chemotherapy. It was shown that plasma
TIMP-1 concentrations obtained before the first cycle
of chemotherapy were significantly and independently
associated with objective response, time to progression
(TTP) and overall survival (OS) of patients with metastatic
CRC receiving combination of irinotecan, 5fluoruracil
(5-FU), and folinic acid chemotherapy. CEA was not
significantly associated with TTP or OS when TIMP-1 was
included in the multivariable analysis. One explanation
for the associations is that TIMP-1 protects cancer cells
against the apoptotic stimuli that consecutively affect the
cells [34].

Serum miRNA-21

MicroRNAs (miRNAs) are endogenous, small non-coding
RNAs with a length of 18-25 nucleotides. They were first
reported in 1993 [35]. These miRNAs may regulate the
translation of specific protein-coding genes [36]. Recent
studies have shown revealed that overexpression of
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microRNA-21(miR-21) could increase cell proliferation,
migration, invasion, and survival in a variety of cancer
cell lines [37]. miR-21 was also found to be elevated in
many cancers, including breast cancer, colon cancer,
lung cancer, pancreatic cancer, prostate cancer, stomach
cancer, hepatocellular carcinomas, ovarian cancer, and
others [38]. Some studies have found overexpression of
miR-21 to be closely associated with poor survival outcome
in various cancers [39]. Higher levels of miR-21 expression
have been found to be predictive of cancer outcome.

Elevated miR-21 expression was found to be predictive
of poor survival among CRC patients in a meta-analysis
[40]. The pooled HR of OS was 1.76 (95% Cl: 1.34-2.32,
P = 0.000). The differences were found to be statistically
significant, though the HRs were not strong. Hayes et al.
reported that HR > 2 was considered strongly predictive
[41]. After elimination of heterogeneity, the pooled HR was
2.32(95% CI: 1.82 - 2.97, P = 0.000), which was found to
significantly predict poorer survival. Elevated levels of miR-
21 expression were found to have a prognostic role in CRC,
but it was not possible to confirm miR-21 as independent
predictive factor. Recently, researchers considered that a
set of miRNAs might have a stronger predictive effect on
survivalthan asingle microRNA [42]. The expression of miR-
21 was detected in the samples of tumor tissue mostly, but
few in serum or plasma in the selected studies. Circulating
prognostic markers were found to be more valuable than
tissue throughout the lives of the cancer patients.

Results from a study of an independent cohort of 186 CRC
patients, 60 postoperative patients, 43 advanced adenoma
patients, and 53 control subjects were evaluated [43]. In
the validation cohort, miR-21 levels were statistically
significantly elevated in preoperative serum from patients
withadenomas(P<0.001)and CRCs(P<0.001).Importantly,
miR-21 expression dropped in postoperative serum from
patients who underwent curative surgery (P <0.001). Serum
miR-21 levels robustly distinguished adenoma (area under
the curve [AUC]=0.813; 95% confidence interval [CI]=0.691
to 0.910) and CRC (AUC = 0.919; 95% Cl = 0.867 to 0.958)
patients from control subjects. High miR-21 expression in
serum and tissue was statistically significantly associated
with tumor size, distant metastasis, and poor survival.

Prognostic research has, to date, received much less
attention than research into therapeutic or diagnostic
areas, and an evidence-based approach to the design,
conduct and reporting of primary studies of prognostic
markers is needed [44]. Reviews have demonstrated that
primary prognostic studies are often of poor quality [45].
Furthermore, synthesis of prognostic studies is a relatively
new and evolving area in which the methods are less well
developed than for reviews of therapeutic interventions
or of diagnostic accuracy and available reviews have often
been of poor quality [46]. For prognostic markers, apart
from the duration of follow-up, the various aspects leading
to observations of heterogeneity are almost similar to
those for diagnostic markers.

Conclusion

Recently, there has been an impressive increase in the
number of prognostic serum biomarkers in CRC, but

yet it is not clear whether they have prognostic value or
therapeutic implications. They may well be useful in taking
decisions regarding the prognosis of CRC patients, but
further prospective trials are clearly required. Identifying
and understanding serum biomarkers can improve the
effectiveness of treatment in several ways; for example, it
can lead to the development of marker-specific therapies.
Prognostic markers may also improve the selection of
adjuvant therapies by identifying those who will benefit
most and therefore avoid toxic side effects of treatment
in patients with the least risk for recurrence. Furthermore,
clinical predictions based on serum biomarkers will be an
integral part of physician-patient-shared decision-making,
and they will improve clinical care and patient outcomes.
Novel noninvasive blood-based tests are strongly desirable
for prognosis of the outcome in CRC.
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