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A steady increase in colorectal cancer (CRC) incidence and mortality has been observed in Europe, despite the continuous 
advancement in diagnostic and therapeutic methods. Accordingly, further progress is very much desirable in non-invasive 
diagnostic methods to enable early diagnosis, pre- and postoperative staging, and to assist in selecting the most suitable 
neo-adjuvant and adjuvant therapeutic methods and post-treatment follow-up. This review summarizes the current state of
knowledge about the role of tumor markers and biomarkers in CRC diagnosis, treatment and follow-up. New biomarkers 
which are absent in healthy persons and present in CRC are still being investigated, especially those that can be detected at 
early development stage of the disease and used in screening tests. Unfortunately, no molecule that would meet all of the 
foregoing criteria has been identified so far. Carcinoembryonic antigen still remains the only tumor marker of recognised
efficacy in monitoring patients during and after CRC therapy. Clinical studies and retrospective analyses allowed to discover
and introduce to the clinical practice several bioindicators that assist in selecting the proper chemotherapeutic drug. There
are attempts to “personalise” chemotherapy based on presence or absence of specific biomarkers. Therapy with anti-EGFR
antibodies is desirable in patients with advanced CRC and absence of KRAS or BRAF mutation. Defining tumor phenotype
– microsatellite instability (MSI) or microsatellite stability (MSS) and testing for the presence or absence of 18q chromosome 
deletion is very much desirable in standard 5-FU-based therapy. Analysis of UGT1A1 alleles may be the basis for modified
dosing and reducing the potential toxicity of irinotecan. Studies on CRC biomarkers need to continue to closely examine 
the relationship between therapy and CRC curability. Targeted therapy against membrane receptors appears to be the future 
of CRC therapy.
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In 2010, colorectal cancer (CRC) was the third most com-
mon malignant cancer in both men and women in Europe [1]. 
There are 250,000 cases of colorectal cancer diagnosed on an
annual basis in Europe only. Five-year survival was 54 percent 
among adult Europeans diagnosed with colorectal cancer 
between 1995 and 1999 [2]. A steady increase in colorectal 
cancer incidence and mortality has been observed, despite 
the continuous advancement in diagnostic and therapeutic 
methods. Accordingly, further progress is very much desirable 

in non-invasive diagnostic methods to enable early diagnosis, 
pre- and postoperative staging, and to assist in selecting the 
most suitable neo-adjuvant and adjuvant therapeutic methods 
and post-treatment follow-up. The concentrations of tumor
markers tested at the diagnostic stage are believed to assist in 
cancer diagnosis, but are currently found to be more important 
during treatment and long-term follow-up. 

The number of tumor markers used for tests continues to
grow. Tumor markers are substances (most typically proteins, 
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but also glycolipids) representing highly diversified biologi-
cal structure, which can be attributed to the development of 
normal cells or carcinogenesis at different cell development
stages. Tumor-associated antigens (TAAs), such as CEA, AFP, 
etc. are the largest group of clinically significant markers. TAAs
are molecules produced by both, normal and neoplastic cells, 
but the amounts of TAAs produced by neoplastic cells are 
significantly higher. As a result, the concentration of TAAs
typically correlates with the number (or mass) of specific neo-
plastic cells. Other types of markers are substances produced 
specifically by neoplastic cells through changes in genome,
which are currently of no clinical significance, and substances
produced by necrotizing cells. 

In daily clinical practice, in the process of diagnosis and 
therapy, there are several parameters in use of long-estab-
lished high sensitivity, specificity and positive predictive
value. These parameters have been selected from among tens
of molecules produced by cells in long-term laboratory tests, 
observational studies and clinical trials. New markers which 
are absent in healthy persons and present in specific tumors
are still being investigated, especially those that can be detected 
at early development stage of the disease and used in screen-
ing tests. Unfortunately, no molecule that would meet all of 
the foregoing criteria has been identified so far. On the other
hand, for some types of tumors, markers are also considered 
important in monitoring the progress of treatment, efficacy
of neoadjuvant therapy, surgery, chemotherapy and adjuvant 
radiation therapy and follow-up for possible recurrence. 
Long-term observational studies also point to the fact that, 
apart from determining antigen concentration, it can be also 
important to trace its progress and dynamics. Low concentra-
tion dynamics can be indicative of local recurrence, whereas 
dynamically increasing levels may indicate the occurrence of 
distant metastases. 

Tumor associated antigens. Carcinoembryonic antigen 
(CEA) was discovered almost 50 years ago, in 1965, and it 
still remains the only tumor marker of recognised efficacy in
monitoring patients during and after CRC therapy [3]. CEA
was first considered specific for CRC, but it was later discovered
that elevated CEA levels (over 5.0 ng/mL for non-smokers and 
10 ng/mL for smokers) can be also detected in cancer of the 
pancreas, stomach, bronchi, breast, bladder, genital organs, 
kidneys, in non-epithelial neoplasms, and in inflammatory
conditions (chronic pancreatitis, liver cirrhosis). The useful-
ness of CEA tests in patients with colorectal cancer has been 
analysed in multiple studies based on large study populations. 
Plasma CEA concentration was found to represent poor sen-
sitivity, however, CEA can be still used in screening tests for 
tumors [4]. In multiple studies, CEA levels were found to be 
elevated before surgery in ca. 50-60 percent of all patients with 
CRC stage I to IV, and the sensitivity of this parameter was 
observed to increase in parallel to CRC progression. Elevated 
CEA concentrations are only rarely identified in CRC stage I.
Moreover, it does not differentiate benign versus malignant
polyps. According to the 2003 EGTM Guidelines, confirmed

by ASCO in 2006 [5,6], CEA is not recommended for use in 
screening tests. On the other hand, no other marker of better 
sensitivity and specificity has been yet discovered for broad-
spectrum screening tests for CRC. Also in the 2010 ESMO 
Guidelines, elevated CEA levels are not listed as a prognostic 
factor [1]. In earlier studies, high CEA concentrations in pa-
tients with CRC stage II and III were found to be potentially 
indicative of more aggressive types of cancer [7,8]. In studies 
by Parka et al. on large populations of 2230 and 1146 patients, 
CEA concentration was considered a significant prognostic
factor [9,10]. Based on these results, in 2000 the Colorectal 
Working Group of American Joint Committee on Cancer 
(AJCC) proposed to include CEA baseline concentration to the 
traditional TNM classification as the so-called C-stage. C-stage
was proposed to be divided into Cx, C0 (CEA <5ng/mL) and 
C1 (CEA>5ng/mL) substages [11]. The meaning of CEA as an
independent prognostic factor was also confirmed in a recent
retrospective analysis of 17910 patients with CRC, with a mean 
27-month follow-up, with longer survival periods for patients 
with IIA C0 and IIIA C0 vs. I C1, IIIA C0 vs. IIA C1, and IIIB 
C0 vs. IIB-C C1, respectively [12]. From a prognostic point 
of view, it appears reasonable to determine CEA levels before 
surgery in patients with disseminated CRC. The roles of CEA
in determining life expectancy was confirmed in several stud-
ies on patients with liver metastases [13,14]. CEA half-life is 
known to last app. 7 days. After R0 resection surgery, CEA
levels should return to normal within 4 to 6 weeks. Sustained 
elevated CEA levels can be indicative of infiltration or me-
tastases. Slow increase in CEA concentrations after surgery
is a typical sign of local recurrence, whereas dynamically 
increasing levels can be symptomatic for metastases, most 
probably in the liver [15]. Testing CEA levels is considered 
most cost-effective in detecting post-surgery recurrences [16].
Please note that CEA levels tested every 3 months for the first 3
years and thereafter every 6 months for subsequent 2-3 years is
a golden follow-up standard after CRC therapy recommended
by a number of scientific associations (ASCO, ESMO) [1,5,17].
It appears particularly important in asymptomatic patients, 
in whom chemotherapy can be used, with a much longer life 
expectancy as compared to treatment administered after the
onset of symptoms of recurrence. CEA is a marker of choice 
in monitoring disseminated disease during systemic therapy. 
Constant increase in CEA levels is typically associated with 
a progress of the disease, even though radiological tests may 
prove otherwise [5]. However, chemotherapy can also result 
in temporary increase in CEA concentration, which must be 
also taken into account. Therefore, it is not recommended to
test CEA levels within 2 weeks from chemotherapy, whereas 
in patients on oxaliplatin, tests can be carried out after 4 to
6 weeks. 

Cancer antigen 19-9 (CA 19-9) is a glycoprotein whose 
relevance in CRC diagnosis still remains an issue. The majority
of researchers arrived at the conclusion that CA 19-9 sensitiv-
ity is much inferior to that of CEA, and that elevated CA 19-9 
levels is a poor prognostic factor [1,5,18,19,20]. 
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Cancer antigen 72-4 (CA 72-4) is a biomarker with poor 
sensitivity ranging from 9% to 31% and better specificity
ranging from 89% to 95% in patients screened for CRC. The
diagnostic information in recurrent CRC provided by CA 
72-4 has borderline significance, by much worse than CEA.
All authors conclude that CA 72-4 sensitivity is rather low 
and specifity incomplete in screening and following up in
patients with CRC. On the other hand an algorithm based on 
combination of CEA, CA 19-9, CA 72-4, CA 242 improves the 
diagnostic accuracy compared with these biomarkers alone. 
[18,19,20,21,22] 

Molecular biomarkers. With the recent progress in under-
standing the molecular mechanisms of cancer development, 
dissemination, resistance to chemotherapy and radiation 
therapy, it is now easier to select the most proper strategy for 
managing CRC. Clinical studies and retrospective analyses al-
lowed to discover and introduce to the clinical practice several 
biomarkers that assist in selecting the proper chemotherapeutic 
agent, both standard agents, such as 5-fluorouracil, oxaliplatin
or irinotecan, and new generation targeted drugs: cetuximab, 
bevacizumab or panitumumab. Biomarker identification is
particularly important for patients with CRC stage II. In this 
group of patients, the risk of recurrence is only 20 percent. It is 
also desirable to use adjuvant therapy in this type of patients. 
There are attempts to select this group of patients based on
genetic tests, or to “personalise” chemotherapy based on pres-

ence or absence of specific biomarker. The following markers
discovered throughout the recent years continue to be closely 
examined: microsatellite instability (MSI), chromosome 18q 
loss of heterozygosity (18qLOH), KRAS, BRAF, PTEN, 
PIK3CA mutations, and UGT1A1 gene polymorphism. 

Microsatellite instability. Microsatellite instability (MSI) 
denotes changes in coding and non-coding sequences of mic-
rosatellite chromosomes, i.e. repeated DNA sequences. These
sequences are particularly exposed to errors in the mutation 
repair system that consist in the loss or multiplication of nu-
cleotide sequence repetitions, which results in shortening or 
extension of microsatellite regions in neoplastic cells. Muta-
tions arising out of these processes are eliminated by mismatch 
repair genes (MMR), which makes some researchers believe 
that MSI can be caused by mutations in these genes [23,24]. 
Microsatellite instability can be classified into microsatellite
instability-high (MSI-H) and microsatellite instability-low 
(MSI-L), depending on the percentage of loci that correlate 
to MSI characteristics. Tumor cells that lack MSI features are 
designated as MSS. 

In retrospective studies and meta-analyses in patients with 
CRC stage II and III, MSI-H was shown to be a predictive 
factor that improved overall survival, irrespective of the pro-
gression (stage) of cancer. A lower incidence of lymph node 
metastases and distant metastases as compared to MSI-L or 
MSS cancer cells was also observed [25,26,27,28,29]. However, 

Table 1. Recommendations for use of tumour markers and biomarkers in colorectal cancer by groups of experts

Biomarker Applications ASCO [5,68,69 ] ESMO [1,17] NCCN [70]

CEA Screening No None published None published
Prognostic factor Yes Yes Yes
Follow up Yes Yes Yes

CA 19-9 All No No None published
CA 72-4 All None published None published None published
CA 242 All None published None published None published
MSI Prognostic factor No Yes Yes
18qLOH Prognostic factor Yes Yes  (potentially) None published
KRAS Prognostic factor None published Yes  (potentially) None published

Predictive factor Yes Yes Yes
PIK3CA Predictive factor None published Yes  (potentially) None published
BRAF Prognostic factor None published Yes Yes

Predictive factor Yes Yes  (potentially) Yes  (potentially)
PTEN Predictive factor Yes  (potentially) Yes  (potentially) None published
UGT1A1 Predictive factor Yes Yes (only in case of severe toxicity of irinotecan) No
TPA, TPS All None published None published None published
Ezrin All None published None published None published
p53 gene Prognostic factor No Yes  (potentially) None published
DNA ploidy All No None published None published
TS Prognostic factor No Yes  (potentially) None published

Predictive factor Yes (potentially) Yes  (potentially) None published
TP All No None published None published
DPD Predictive factor No Yes (only in case of severe toxicity of 5-FU) None published
β-1,4-GT All None published None published None published
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MSI should be considered more of a prognostic rather than 
predictive factor. This conclusion is based on equivocal results
of studies evaluating the efficacy of 5-FU-based chemotherapy
in groups of patients with MSI-H and MSI-L or MSS. Ribic 
et al. examined tumor specimens collected from 570 patients 
with CRC stage II and III and correlated the test results with 
chemotherapy outcomes in these patients to reveal a tendency 
for shorter overall survival in patients with MSI-H on adjuvant 
therapy. Significant improvement was observed in patients
with MSS tumors [28]. A recent pooled analysis of randomized 
clinical studies revealed significant decrease in the overall five-
year survival rate for patients with CRC stage II and MSI-H 
on 5–FU-based chemotherapy. 5-FU-based chemotherapy was 
found to improve therapeutic outcomes only in patients with 
CRC stage III and MSI-L or MSS [30]. Some studies indicated 
potentially negative effects of 5-FU-based chemotherapy in
patients with MSI-H. A longer survival rate as compared to 
patients on 5-FU-based adjuvant chemotherapy was observed 
in a reference group of patients undergoing surgical treatment. 
Resistance of MSI-H tumors to 5-FU was also confirmed in in
vitro studies [31,32]. A completely different conclusion can be
drawn from earlier studies of Elsaleh et al., which confirmed
the efficacy of 5-FU in patients with CRC stage III and MSI-H
[33,34,35]. Beragnolli et al. revealed that a higher rate of over-
all 5-year progression-free survival was observed in patients 
with CRC stage III and MSI-H on 5-FU and irinotecan vs. 
5-FU-based chemotherapy [36]. To recap, the results of MSI 
studies and clinical experience in patients with CRC stage II 
indicate that the degree of microsatellite instability may be of 
significance as a prognostic factor. Also, adjuvant 5-FU-based
chemotherapy was proved to provide no benefits (or potentially
cause adverse reactions) in patients with MSI-H. Therefore,
high-risk patients should be rather administered irinotecan-
based treatment. These findings have not been yet extended
to oxalipatin-based therapy. 

Chromosome 18q loss of heterozygosity. A number of 
studies were dedicated to another prognostic factor in patients 
with CRC stage II and III – chromosome 18q loss of hetero-
zygosity in the coding place of, inter alia, SMAD 4 proteins 
specific to CRC. In these studies, the overall 5-year survival was
poorer for patients with CRC stage III and 18qLOH as com-
pared to non-18qLOH patients [37]. A meta-analysis of data 
from 27 studies and 2189 patients by Popat et al. confirmed
that poorer survival was correlated with 18q chromosome 
deletion [38]. Two years later, the same research team ques-
tioned these findings after re-examining the same data [39].
Likewise, no correlation was identified between the presence
of 18qLOH and 5-year survival in patients with non-MSI-H 
phenotype [40]. The role of 18qLOH in predicting response
to standard chemotherapy has not been yet fully confirmed.
Watanabe et al. demonstrated better response to 5-FU-based 
chemotherapy in patients with CRC stage III and MSS and 
with the absence of 18q chromosome deletion vs. patients in 
whom 18q chromosome deletion was present [41]. The recently
published results of the same research team can be a proof that 

in patients with CRC stage II and III and MSS-H (>33%), the 
level of LOH of four chromosomes, including 18q, is correlated 
with significantly poorer survival rate as compared to patients
with MSS and LOH-L or MSI-H phenotype [42]. 

Based on the available data, 18q chromosome deletion can-
not be the sole basis for any therapeutic decisions, however, 
it is being more closely examined under ECOG 5202 study, 
featuring molecular markers identified so far in selecting the
most proper adjuvant post-surgery treatment, by prospec-
tively analysing the role of MSI and 18qLOH in prognosis 
and therapeutic decisions in patients with CRC stage II. Pa-
tients with good prognosis (with MSI-H and w/o 18qLOH) 
were followed-up, and patients with poor prognosis (with 
MSI-L or MSS and 18qLOH) were randomized to one of two 
groups on chemotherapy (FOLFOX alone or FOLFOX and 
bevacizumab). No conclusion can be drawn from this study 
about the possible inefficacy of chemotherapy in patients with
MSI-H, however, the study will include a multifactor analysis 
of biomarkers that can assist in taking therapeutic decisions 
in other groups of patients [43]. 

Biomarkers suitable in anti-EGFR therapy. A number of 
currently tested markers have been discovered in the course of 
studies on epidermal growth factor receptor (EGFR) signalling 
pathways. KRAS gene mutation on short arm of chromosome 
12 at codon 12 (80% of patients) or, to a lesser extent, codon 13 
is believed to be of use as a biomarker in patients on cetuximab 
or panitumumab [44]. These mutations are one of the most
common in proliferative diseases (37% and 13%, respectively), 
and their significance in CRC carcinogenesis was examined in
much detail [45,46]. As these mutations are present in EGFR 
signalling pathway, they can be a predictive factor for therapy 
with anti-EGFR antibodies. In studies performed so far, KRAS 
mutation was found to be correlated with non-responsiveness 
to cetuximab and panitumumab [47,48]. CRYSTAL and OPUS 
data indicate that the effectiveness of FOLFOX or FOLFIRI
alone is no inferior to that of cetuximab in patients with KRAS 
in combination with chemotherapy according to FOLFIRI 
and FOLFOX regimen, respectively. However, in non-KRAS 
patients, cetuximab improves the therapeutic outcome [49,50]. 
The same conclusions can be drawn from the results of other
large clinical studies: COIN, NORDIC VII or PRIME. How-
ever, the effects of KRAS mutation at codon 12 or 13 on tumor
biology were found to differ. In two studies, the survival rate
is higher in patients with an uncommon G13D mutation at 
codon 13 on cetuximab vs. patients with other mutations, and 
similar to patients with no KRAS mutations identified [44,51].
It is presently believed that anti-EGFR antigens should not be 
used in patients with tumors indicative of G12V mutation of 
KRAS at codon 12. For bevacizumab, KRAS mutation was 
found to be of no use as a predictive factor. The same applies
to BRAF mutation found in 8-13 percent of patients with CRC, 
which makes the tumor to a large extent resistant to anti-EGFR 
monoclonal antibodies, and significantly worsens prognosis,
especially in patients with MSI-L and MSS [46,50,52,53]. If 
the BRAF mutation is present, the overall survival period is 
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slightly longer in patients on cetuximab [49]. Non-responsive-
ness to cetuximab and panitumumab has been also observed 
in patients with absence of phosphatase and tensin homologue 
deleted on chromosome ten (PTEN) expression [54].

PIK3CA mutations. Phosphatidylinositide-3-kinases 
(PI3K) are kinases that promote different biologic processes,
including cellular proliferation. Mutation in the PIK3CA 
gene, which encodes the p110α catalytic subunit of PI3K have 
been identified in many human solid tumors, including CRC.
The PIK3CA gene is mutated in 10-20% of CRC tumors. The
PIK3CA gene encode the kinase that regulates, alongside with 
KRAS, downstream signalling pathways of the EGFR. The
p110α catalytic subunit of PI3K may be activated by interac-
tion with RAS proteins. Moreover, PI3K-initiated signalling is 
inhibited by PTEN. Recent studies have found that compared 
with patients with PIK3CA wild-type tumors, those with 
PIK3CA-mutated tumors experienced an increase in colon 
cancer-specific mortality [55,56]. Although, the researchers re-
port that only coexistence of PIK3CA exon 9 and 20 mutations 
but not PIK3CA mutation in either exon 9 or 20 alone may 
be associated with worse prognosis [56]. Among patients with 
KRAS wild-type tumors, the presence of PIK3CA mutation 
was associated with a significant increase in colon cancer-
specific mortality. In contrast, PIK3CA mutation conferred
no significant effect on mortality among patients with KRAS-
mutated tumors. Thus, the effect of PIK3CA mutation may be
potentially limited to patients with KRAS wild-type tumors 
[55]. Following the fact that only patients with KRAS-wild type 
CRC may respond to anti-EGFR antibodies several studies in-
vestigate the role of PIK3CA mutations on CRC cells response 
to cetuximab or panitumumab. So far collected data indicate 
that CRC with PIK3CA mutations are significantly resistant to
anti-EGFR antibodies. When only KRAS wild-type tumors are 
analyzed, the correlation is even stronger [57,58,59]. Recent 
studies have found that inhibition of cyclooxygenase-2 by 
regular use of aspirin after CRC diagnosis was associated with
longer cancer specific survival among patients with mutated
PIK3CA in contrast to patients with wild-type PIK3CA. The
authors conclude that the PIK3CA mutations may serve as 
predictive biomarker for adjuvant aspirin therapy [60]. Further 
studies involving KRAS mutated CRC patients are necessary 
to establish the role of aspirin in PI3K pathway. 

Biomarker of the potential toxicity of irinotecan. Irinote-
can is a chemotherapeutic agent that inhibits topoisomerase I, 
thereby inhibiting replication and stimulating cell apoptosis. 
Advanced neutropenia and intensive diarrhoea caused by 
damaged intestinal epithelium are the most common adverse 
effects of irinotecan, which significantly limit its use. UGT1A1
gene polymorphism is a very useful biomarker of the potential 
toxicity of irinotecan. It appears that the use of genetic tests 
is reasonable before treatment initiation with irinotecan to 
avoid severe adverse effects – mainly neutropenia in women.
Genotyping for UGT1A1 can be carried out to select a group 
of sensitive patients with UGT1A1*28 allele, of whom lower 
initial doses would be recommended. Hopefully, it will also 

allow to administer a higher accumulated dose of the drug, di-
vided into smaller portions, to limit its toxicity [61]. However, 
according to a recent meta-analysis, genotyping for UGT1A1 
has no predictive value in terms of responsiveness to various 
doses of irinotecan among patients with CRC [62]. On the 
other is recommended by ESMO for patients with several 
toxicity reaction in whom irinotecan in high doses should 
be used [17].

Other biomarkers. Tissue polypeptide antigen (TPA) and 
tissue polypeptide-specific antigen (TPS) which detects the
fragments of cytokeratines 8, 18 and 19 due to lack of sensitivity 
and specificity can not to be recommended in CRC screening.
The majority of investigators have found that increased levels
of TPA and TPS are observed in metastatic stage of CRC. 
A further studies has suggested that combination of TPA and 
CEA rises the sensitivity of these biomarkers in identifying 
the patients with CRC recurrence [18,21,63,64]. 

Ezrin protein, a part of ezrin/radixin/moesin (ERM) fam-
ily, which act as linkers between the plasma membrane and 
cytoskeleton, may play an important role in the process of tu-
mor invasion. Recent studies has found that overexpression of 
ezrin protein correlates with CRC aggressiveness, its metastatic 
potential and worse prognosis. High ezrin expression was also 
identified as marker of early local recurrence of rectal cancer
[65,66]. Although further investigation is needed, ezrin may 
represent a relevant biomarker and target for personalized 
anti-metastatic therapies. 

Tumor beta-1,4-galactosyltransferase (β-1,4-GT) expres-
sion level is apparently enhanced during tumorgenesis, but 
significantly overexpressed only in patients with tumor
metastases and poor prognosis [67]. Thymidine synthethase
(TS), dihydropyrimidine dehydrogenase (DPD) and p53 gene 
mutations may serve as potential prognostic and predictive 
factors in CRC [17]. Other biomarkers, such as: thymidine 
phosphorylase (TP), DNA ploidy were determined to be in-
significant in detecting, staging and following-up of patients
with CRC [5]. 

Conclusions. To recap, CEA levels – along with other 
laboratory tests and diagnostic imaging – can be considered 
an important follow-up factor in patients with CRC, which was 
already recognised in the guidelines of international cancer 
associations. Approximately 20 percent of patients with CRC 
recurrence are known to have normal plasma CEA levels in 
peripheral blood. In this patient group, it seems reasonable 
to search for other tumor markers or prognostic factors. No 
other marker of better sensitivity and specificity has been yet
discovered to be used in broad-spectrum screening tests for 
CRC. The recent studies in this area result in a better under-
standing of colorectal cancer and assist in the development of 
new treatment regimens, especially in advanced CRC stages. 
The new predictive factors, molecular imaging, or even com-
mercial genome tests increasingly facilitate tumor genome 
testing and assist in selecting targeted therapies. Therapy with
anti-EGFR antibodies is desirable in patients with advanced 
CRC and absence of KRAS or BRAF mutation. Defining
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tumor phenotype (MSI/MSS) and testing for the presence or 
absence of 18q chromosome deletion is very much desirable 
in standard 5-FU-based therapy. Analysis of UGT1A1 alleles 
can be the basis for modified dosing and reducing the potential
toxicity of irinotecan. Studies on CRC bioindicators need to 
continue to closely examine the relationship between therapy 
and CRC curability. Targeted therapy against membrane recep-
tors appears to be the future of CRC therapy. Some promising 
studies are now carried out in this area, dedicated to, inter alia, 
other EGFR, insulin-like growth factor (IGF), platelet-derived 
growth factor receptor (PDGFR) and c-MET inhibitors, as 
well as receptors of tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL). 
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