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Abstract:    Colorectal cancer remains one of the most common types of cancer and leading causes of cancer death 
worldwide. Although we have made steady progress in chemotherapy and targeted therapy, evidence suggests that 
the majority of patients undergoing drug therapy experience severe, debilitating, and even lethal adverse drug events 
which considerably outweigh the benefits. The identification of suitable biomarkers will allow clinicians to deliver the 
most appropriate drugs to specific patients and spare them ineffective and expensive treatments. Prognostic and 
predictive biomarkers have been the subjects of many published papers, but few have been widely incorporated into 
clinical practice. Here, we want to review recent biomarker data related to colorectal cancer, which may have been 
ready for clinical use. 
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1  Introduction 
 

Colorectal cancer (CRC) remains one of the 
most common types of cancer and leading causes of 
cancer death worldwide. The American Cancer So-
ciety estimates that 1 596 670 new cases of colon 
cancer (822 300 in men and 774 370 in women) were 
diagnosed in 2011 (Siegel et al., 2011). Approxi-
mately 20% of CRC patients have already present 
with metastasis disease at the time of their diagnosis, 
and surgery cannot always extirpate the recurrence of 
advanced CRC. This has prompted researchers to 
establish active drug treatment strategies (Weitz et al., 
2005). The recent introduction of cytotoxic drugs 
such as oxaliplatin or irinotecan in addition to 
fluorouracil and the development of targeted agents 
have caused significant progress in the treatment of 

advanced CRC. Standard treatment has evolved from 
5-fluorouracil (5-FU), with a median overall survival 
(OS) of 10–12 months and an overall response rate of 
10%, to combinations of oxaliplatin and irinotecan 
that have dramatically improved survival to 14–16 
months (Best et al., 2000; Colucci et al., 2005). With 
the introduction of targeted therapy, the OS of me-
tastasized CRC (mCRC) patients has been further 
prolonged (Köhne and Lenz, 2009). No benefit of 
targeted therapy has been observed in adjuvant ther-
apy with advanced CRC (Chibaudel et al., 2010). 
Although we have made steady progress in chemo-
therapy and CRC-targeted therapy, there is sufficient 
evidence to suggest that the majority of patients un-
dergoing drug therapy will not benefit but will rather 
experience severe, debilitating, even lethal adverse 
drug events (Gill et al., 2004). Recent studies have 
suggested an association between genetic variants and 
efficacy or adverse events of drug therapy (Watson 
and McLeod, 2011). The identification of suitable 
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biomarkers would allow clinicians to deliver the most 
appropriate drugs to targeted patients and spare them 
ineffective and expensive treatment. 

Biomarkers may have prognostic value (that is, 
the ability to estimate a patient’s outcome regardless 
of treatment) or predictive value (that is, the ability to 
estimate the efficacy and toxicity of a given treat-
ment). Despite a very large number of publications 
dealing with prognostic and predictive biomarkers in 
CRC, only a few molecular biomarkers have been 
implemented in clinical practice (Table 1). Here we 
want to review recent biomarker data related to CRC, 
which may have been ready for clinical use. 

 
 

2  Prognostic value 
 
Chemotherapy is now the standard treatment for 

post-surgical patients with stage III colon cancer. 
However, there is an ongoing controversy as to 
whether adjuvant chemotherapy should be advised for 
patients with stage II colon cancer. The quick and 
simple and reliable (QUASAR) study showed that 
adjuvant chemotherapy with FU plus leucovorin (LV) 
produces a small (approximately 3.6%) survival 
benefit in stage II colon cancer, which must be bal-
anced against its toxicity (Gray et al., 2007). Many 
attempts have been made to identify the subset of 
patients at higher risk of relapse in stage II CRC, 
which would facilitate better selection of high-risk 
patients and patients who would benefit the most from 
adjuvant therapy. Currently, anatomical and patho-
logic staging, such as pathologic stage T4, the pres-
ence of lymphatic or vascular invasion, and grade are 
still the most accurate predictors of patient outcome. 
The problem of this approach is that the studies  
 

 
 
 
 

 
 
 
 
 
 
 

linking these variables to outcomes are retrospective 
and sometimes conflicting. They do not adequately 
assess the risk of recurrence in individual patients. 
We believe that recent biomarker data shifts the 
paradigm for management of stage II colon cancer 
and should have an influence on clinical  
decision-making. 

2.1  Molecular markers 

Most early studies focused on single molecular 
markers using hypothesis-driven research with lim-
ited success in terms of prognostic information. For 
example, TP53 mutations are found in up to 70% of 
sporadic CRCs. In these cases, inactivating mutations 
(29% of all CRCs) are correlated with advanced stage 
and vascular and lymphatic involvement. Diep et al. 
(2003) showed that TP53 mutations affecting the L3 
zinc-binding domain and lower survival rate in the 
subclassification of Dukes’ B and C patients and may 
have an impact on the ideal treatment strategy. 
However, the prognostic role of TP53-inactivating 
mutations is still in question (Iacopetta et al., 2006). 
Similarly, the impacts of epidermal growth factor 
receptor (EGFR) over-expression, loss of heterozy-
gosity in chromosome 18q, somatic adenomatous 
polyposis coli (APC), and KRAS mutations on sur-
vival remain unclear (Diep et al., 2003; Spano et al., 
2005; Walther et al., 2009).  

The presence of defective DNA mismatch repair 
(dMMR, that is, loss of expression of hMSH2, hMLH1, 
hPMS1, hPMS2, hMSH6, or hMLH3 gene), as as-
sessed by the presence of tumor microsatellite insta-
bility (MSI), continues to be one of the most prom-
ising molecular markers of colon cancer. Three dis-
tinct MSI phenotypes have been described: MSS 
(none of the examined loci demonstrate instability),  
 

 
 
 
 

 
 
 
 
 
 
 

Table 1  Summary of potential molecular biomarkers for colorectal cancer 

Biomarker Predictive and prognostic values 

Biomarkers now incorporated into 
clinical practice 

Predictive value*: KRAS mutation; UGT1A1*28 polymorphism 

Biomarkers very likely for clinical 
practice 

Prognostic value*: MSI (dMMR); prognostic recurrence score 
Predictive value#: mutation of BRAF and PIK3CA; mutation or lack of 
expression of PTEN 

Biomarkers that may have clinical use Prognostic value#: BRAF mutation  
Predictive value#: polymorphism of TS, TP, DPD, MTHFR, UGT1A1*6, 
GSTP1, ERCC1, ERCC2 and XRCC1; EGFR copy number; VGPs 

* Based on data from studies that prospectively defined biomarker analysis and included a large number of patients; # Based on 
data from retrospective studies needed to be validated in large patient datasets with prospective study design 
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MSI-L (MSI at <30% of loci examined), and MSI-H 
(MSI at ≥30% of loci examined). Within sporadic 
CRC, the majority of MSI-H cases are due to inacti-
vation of hMLH1 (~95%), with hMSH2 and hMSH6 
accounting for a smaller percentage, ~5% and <1%, 
respectively (Boland et al., 1998). An association 
between MSI-H and favorable prognosis has been 
detected in several randomized clinical trials, and 
confirmed in a meta-analysis comprising 7 642 pa-
tients, 1 277 of whom had MSI-H tumors (Popat et al., 
2005). Furthermore, MSI status is also a predictor for 
5-FU-based adjuvant chemotherapy. Ribic et al. 
(2003) suggested that only patients with MSS or 
MSI-L could derive a benefit from 5-FU-based ad-
juvant chemotherapy. Sinicrope et al. (2011) sug-
gested that MMR deficiency may identify a small 
percentage (approximately 15%) of patients with 
stage II disease who receive little benefit from FU/LV. 
Thus, histopathologically stage II patients with T3 
disease and no signs of metastatic disease should be 
considered for dMMR testing in order to select pa-
tients who should receive 5-FU-based adjuvant che-
motherapy and exclude those who should not. 

BRAF mutations in CRC have been reported to 
occur more frequently in cases characterized by the 
presence of dMMR and to confer a poor prognosis 
(Rajagopalan et al., 2002; Roth et al., 2010). French 
et al. (2008) examined the prognostic significance of 
MMR deficiency and the presence of a specific mu-
tation in BRAF (V600E) in a group of patients 
(n=533), who were then grouped in four categories 
for further analysis: dMMR/BRAF (−), dMMR/ 
BRAF (+), pMMR/BRAF (−), and pMMR/BRAF (+). 
The dMMR/BRAF (−) group had a significantly im-
proved OS rate compared to all others (5-year OS of 
100% vs. 73%; P=0.002). 

2.2  Gene expression signature 

The development of high-throughput technolo-
gies such as microarrays and next-generation se-
quencing has facilitated systematic study of bio-
markers through unbiased interrogation of the whole 
genome, transcriptome, and proteome. This allows 
the development of multigene algorithms for esti-
mating risk of recurrence. Gene expression signatures 
(mammaPrint® and Oncotype Dx®) in breast cancer 
are the typical models. Oncotype DX® is a 21-gene 
commercialized signature that predicts prognosis 

(such as OS and relapse-free survival) in women with 
node-negative, estrogen receptor (ER)-positive tumors 
who have been treated with tamoxifen. Several mo-
lecular signatures have been developed to identify 
patients that could be spared from adjuvant chemo-
therapy in stage II CRC. On the basis of 
gene-expression profiling, Wang et al. (2004) gener-
ated a 23-gene signature that identified patients with 
Dukes’ B type tumors likely to develop recurrent dis-
ease. When this signature was validated on an inde-
pendent data set, however, the accuracy was only 67%. 
Several other signatures have been proposed, including 
a 43-gene signature and a 50-gene signature, but their 
applicability to clinical decision-making is limited 
owing to a lack of large-scale validation (Eschrich et 
al., 2005; Garman et al., 2008; Jorissen et al., 2009). 

O′Connell et al. (2010) studied the relationship 
between quantitative tumor gene expression and risk 
of cancer recurrence in patients with stage II or III 
colon cancer treated with surgery alone or surgery 
plus FU and LV. They aimed to develop multigene 
algorithms to quantify the risk of recurrence as well as 
the likelihood of differential treatment benefit of 
FU/LV adjuvant chemotherapy for individual patients. 
During initial development, the assay analyzed 761 
candidate genes in the context of stage, grade, nodes 
examined, and MSI status, and yielded an 18-gene 
panel that included seven genes related to relapse-free 
survival in colon cancer, yielding a prognostic re-
currence score (RS), six genes related to response to 
5-FU/LV chemotherapy, yielding a predictive treat-
ment score (TS), and five reference genes. The 
clinical utility of these algorithms has been evaluated 
in the QUASAR study (Gray et al., 2011). It has 
showed that RS, T stage, and mismatch repair (MMR) 
deficiency are key independent predictors of recur-
rence in stage II colon cancer. It was believed that the 
RS would have the greatest clinical utility when used 
in conjunction with T stage and MMR status. How-
ever, to date there has not been enough evidence for a 
full evaluation of this assay. Although Genomic 
Health launched the worldwide Oncotype Dx® colon 
cancer assay in January 2010, which includes seven 
genes related to relapse-free survival and five refer-
ence genes to calculate the prognostic RS, further 
validation in adequately powered prospective trials is 
necessary before the value of this assay for clinical 
practice can be determined.  
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3  Predictive value 
 
Variability in drug response and toxicity is one 

of the largest challenges for chemotherapy and tar-
geted therapy for CRC. Genetics is believed to ac-
count for between 20% and 95% of the variability in 
drug disposition and effects (Kalow et al., 1998). 
With the development of pharmacogenomics, inter- 
individual differences in drug response have been 
linked to variations in gene sequence and differences 
in expression of drug-metabolizing enzymes, drug 
transporters, and drug targets. 

3.1  Biomarkers for chemotherapy 

3.1.1  Molecular markers of fluoropyrimidine 

Fluoropyrimidine therapy is the foundation of 
most first-line CRC treatments. Doctors and patients 
should choose between intravenous fluoropyrimidine 
5-FU and the orally available prodrug, capecitabine. 
The molecular targets and drug-metabolizing en-
zymes of fluoropyrimidine can be used as biomarkers 
for drug response.  

Thymidylate synthase (ThS) is a critical enzyme 
for DNA synthesis, so it is an important molecular 
target for many chemotherapy agents including 5-FU 
which mediates its cytotoxicity through inhibition of 
ThS. Numerous studies have shown that over- 
expression of ThS is linked to resistance to 5-FU. The 
causes of high ThS levels vary, including copy 
number and the number of the so-called thymidylate 
synthase promoter enhancer region (TSER), a tandem 
repeat polymorphism present in the 5′-promoter en-
hancer region. Kawakami et al. (1999) showed that 
three copies of the tandem repeat (TSER*3) in the 
promoter region of the ThS enhancer region give 
greater ThS expression than two copies (TSER*2). 
CRC patients who have TSER*2/TSER*2 or 
TSER*2/TSER*3 genotypes have improved response 
to 5-FU and survival over those TSER*3- 
homozygous patients (Marsh and McLeod, 2001; 
Villafranca et al., 2001). In addition, many copies of 
the ThS gene result in over-expression of ThS, which 
has been implicated in poor 5-FU response and sur-
vival in mCRC patients (Wang et al., 2004).  

Dihydropyrimidine dehydrogenase (DPD) me-
diates the initial and rate-limiting steps of 5-FU ca-
tabolism. More than 80% of 5-FU is catabolized by 

DPD. Studies have indicated that patients with DPD 
deficiency often experience severe 5-FU toxicity, 
including death in some cases (Milano et al., 1999; 
Coursier et al., 2010). Studies on the mechanistic link 
between DPD deficiency and 5-FU toxicity have 
identified more than 30 polymorphisms in DPYD, the 
gene encoding DPD (Raida et al., 2001; Mattison et 
al., 2002; Seck et al., 2005). Most of these poly-
morphisms have no functional effect on DPD activity 
except for DPYD*2A allele, a G>A splice site tran-
sition that results in the skipping of exon 14. Wei et al. 
(1996) found that patients heterozygous or homozy-
gous for this polymorphism have low DPD activity 
and increased toxicity to 5-FU. van Kuilenburg et al. 
(2002) found that 40% to 50% of patients with low 
DPD activity are heterozygous or homozygous for the 
DPYD*2A variant compared with only 4% of pa-
tients with normal DPD activity. Thus, the DPYD*2A 
variant seems to be predictive for DPD deficiency and 
increased risk of 5-FU toxicity. 

Thymidine phosphorylase (TP) encodes a pro-
tein that catalyzes the reversible phosphorolysis of 
thymidine, deoxyuridine, and their analogs to their 
respective bases and 2-deoxyribose-1-phosphate, 
which is then dephosphorylated to 2-deoxy-D-ribose. 
TP expression was found to be elevated from 10- to 
260-fold in nearly all biopsies examined from carci-
nomas relative to non-neoplastic regions (Hotta et al., 
2004). Prior studies of the effects of TP expression on 
FU response have not been able to conclusively de-
termine whether TP expression is a predictive factor 
for FU response, but recent studies have shown that 
TP expression is associated with response to cape-
citabine in many cancers (Andreetta et al., 2009; 
Petrioli et al., 2010; Gao et al., 2011). Capecitabine is 
an orally-administered chemotherapeutic agent de-
signed to generate 5-FU preferentially in tumors, with 
similar response, progression-free survival (PFS) and 
OS rates to 5-FU in CRC patients (Cassidy et al., 
2004). It is a prodrug that is converted to 5-FU in the 
tumors through a pathway with three enzymatic steps 
and two intermediary metabolites. At the last enzy-
matic step, the metabolite 5′-deoxy-5-fluorouridine 
(5′-DFUR) is converted to 5-FU by TP. The 
over-expression of TP in tumor tissues can increase 
the concentration of 5-FU, so patients with high levels 
of intratumoral TP expression are the ideal candidates 
for capecitabine-based chemotherapy. 
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Methylenetetrahydrofolatereductase (MTHFR) 
is a key regulatory enzyme in the metabolism of folate 
and 5-FU cytotoxicity. Two common single nucleo-
tide polymorphisms (SNPs) cause reduced enzyme 
activity in homozygous individuals: MTHFR 
677C>T polymorphism induces an Ala-to-Val sub-
stitution in the catalytic domain (70% reduction in 
activity), whereas the MTHFR 1 298A>C polymor-
phism induces a Glu-to-Ala substitution in a regula-
tory domain (30%–40% reduction). Compound het-
erozygous individuals have a 40%–50% reduction in 
enzyme activity (Weisberg et al., 1998). Various 
studies have been carried out to test the association 
between MTHFR polymorphisms and 5-FU treatment 
effect (Cohen et al., 2003; Jakobsen et al., 2005; 
Zhang et al., 2007; Afzal et al., 2009). The results of 
these studies are not completely consistent. Afzal et al. 
(2009) showed that MTHFR polymorphisms likely do 
not predict efficacy of adjuvant 5-FU treatment in 
CRC after complete resection. However, 677C>T 
polymorphism may be associated with lower toxicity. 
All these results indicate that MTHFR polymor-
phisms are inadequate in predicting outcome in ad-
juvant 5-FU treatment. 

3.1.2  Molecular markers of irinotecan 

Irinotecan has been recognized as one of the 
pivotal agents of randomized trials against CRC. 
Increases in median survival time by irinotecan in 
combination with folicacid and FU (FOLFIRI regi-
men) have led to its approval for use as first-line 
treatments for metastatic CRC (Fuchs et al., 2007). 
However, principal-dose limiting toxicities of iri-
notecan including severe delayed diarrhea and 
leukoneutropenia often preclude continued treatment. 

Similar to the way that genetic variation in 5-FU 
catabolism has been linked to 5-FU toxicity, strong 
genetic variations in irinotecan’s metabolism may 
play a role in irinotecan’s toxicity. Irinotecan is a 
prodrug and is hydrolyzed into SN-38, which is fur-
ther metabolized by uridine diphosphate glucuronosyl 
transferases (UGTs) into an inactive product, SN-38G. 
In the UGT superfamily, UGT1A1 is thought to be the 
most predominant catalyst. More than 50 genetic 
variations of UGT1A1 have been identified, among 
which UGT1A1*28, associated with a significant 
increase risk of neutropenia, now have been recom-
mended to be used to guide treatment decisions 

(Hoskins et al., 2007; Palomaki et al., 2009). This 
genotype is caused by variations in the “TATAA” 
element of the 5′-promoter region. Wild-type 
UGT1A1 contains six TA repeats (A(TA)6TAA), 
whereas UGT1A1*28 genes contain seven TA re-
peats. Innocenti et al. (2004) found that 50% of 
patients who had the TA indel 7/7 genotype had 
grade four neutropenia, compared with 12.5% of 
patients with the TA 6/7 genotype and 0% of patients 
homozygous for the TA 6/6 genotype (P<0.001). 
Although the link between UGT1A1*28 and diar-
rhea seems less evident, the United States Food and 
Drug Administration (USFDA) recommends that 
UGT1A1*28-homozygous patients receive a lower 
starting dose of irinotecan because they are more 
likely to experience neutropenia than patients who 
have one or two copies of the wild-type allele. The 
allele frequency of UGT1A1*28 varies across indi-
viduals from various geographic areas. It is highest 
among African Americans (0.38–0.45), followed by 
Caucasians (0.29–0.39) and Asians (0.02–0.14) 
(Beutler et al., 1998; Sugatani et al., 2002; Kaniwa et 
al., 2005). Even among Asians, the occurrence of the 
UGT1A1*28 homozygote varies across the continent 
at frequencies ranging from <5% in the Southeast 
Asia to around 20% in the Indian subcontinent 
(Kaniwa et al., 2005). 

UGT1A1*6 is a single-nucleotide substitution of 
G by A at base position 211, resulting in the re-
placement of glycine with arginine (211G>A (G71R)), 
which causes decreased glucuronidation. It occurs 
most frequently in Asians, especially in the Chinese 
and Japanese populations, but is absent or very rare in 
Caucasians and African Americans. As such, it has 
been suggested necessary to analyze UGT1A1*6 in 
addition to UGT1A1*28 to predict irinotecan-related 
toxicity in Asian patients (Jada et al., 2007). A 
Japanese prospective study examined the distribu-
tions of UGT1A1*28 and UGT1A1*6 (n=300) and 
showed that the allele (UGT1A1*28 and/or 
UGT1A1*6), which exists in 10% of Japanese pa-
tients, might lead to an increased risk of  
irinotecan-related neutropenia (Akiyama et al., 2008). 

Many other enzymes and transporters are also 
involved in irinotecan metabolism. These include the 
organic anion transporting polypeptide C (OATP1B1), 
the cytochrome P450 3A system, and the adenosine- 
triphosphate-binding cassette transporter system  
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(Innocenti et al., 2009). Continued efforts toward 
discovering irinotecan metabolism genotype sets and 
haplotypes must be made before personalized dosing 
of irinotecan becomes common practice. 

3.1.3  Molecular markers of oxaliplatin 

Oxaliplatin is one of the most widely used agents 
in adjuvant and palliative chemotherapy in patients 
with CRC. However, oxaliplatin-induced chronic 
neuropathy and intrinsic and acquired resistance 
continue to be problematic. SNPs involved in drug 
metabolism and DNA repair systems, including nu-
cleotide excision repair (NER) and base excision 
repair (BER), have been investigated for associations 
with clinical outcomes and oxaliplatin toxicity (Mo-
reno et al., 2006; Yin et al., 2011). 

Glutathione S-transferase P1 (GSTP1) is an 
important host-defense molecule against a range of 
toxins including oxaliplatin, which participates di-
rectly in the detoxification of platinum compounds. 
An A-to-G polymorphism at codon 105 of the GSTP1 
gene alters the specificity and activity of the GSTP1 
enzyme by changing isoleucine (Ile) to valine (Val). 
This influences the geometry of the hydrophobic 
binding site of the enzyme. The relationship between 
GSTP1 Ile105Val polymorphisms and survival or 
therapeutic response in CRC patients remains con-
troversial. However, most studies have shown con-
sistent results, indicating that GSTP1 Ile105Val 
polymorphism is associated with the risk of  
oxaliplatin-induced neuropathy, which is cumulative 
and dose-limiting (Lecomte et al., 2006; Mcleod et al., 
2010). Inada et al. (2010) first analyzed the associa-
tion of the excision repair cross-complementing 
group 1 (ERCC1) and GSTP1 polymorphisms against 
the time elapsed before onset of neuropathy and found 
that GSTP1 Ile105Val and ERCC1 C118T poly-
morphisms were more strongly related to the time 
until onset of neuropathy than to the grade of toxicity 
in CRC patients who received oxaliplatin-based 
chemotherapy. 

NER pathways, which include ERCC1 and 
ERCC2 or XPD, play a decisive role in platinum- 
based chemotherapeutic efficacy by repairing 
drug-produced DNA damage (Weaver et al., 2005). 
Because previous published reports of an association 
between NER SNPs and clinical outcomes of  
platinum-based chemotherapy from individual studies 

were not consistent, Yin et al. (2011) carried out a 
meta-analysis of gastric cancer and CRC for the 
commonly studied polymorphisms ERCC1 C118T 
and ERCC2 T751G. They found consistent and 
clinically substantial risks to be associated with TR, 
PFS, and OS in oxaliplatin-treated gastric cancer and 
CRC patients, though exact levels of risk varied along 
ethnic lines. For ERCC1 C118T, the T allele was 
found to be associated with reduced response and 
poor PFS and OS in Asians. For ERCC2 T751G, the 
G allele was associated with reduced response and 
poor PFS and OS in Caucasians. Results showed that 
ERCC1 C118T and ERCC2 T751G polymorphisms 
are useful predictive factors in the oxaliplatin-based 
treatment of CRC.  

Another noteworthy pathway involves the X-ray 
repair cross-complementing group 1 (XRCC1), which 
is a rate-limiting member of the BER family. It in-
teracts with other proteins involved in several stages 
of BER pathways, including repairing specific base 
damage caused by oxaliplatin (Moreno et al., 2006). 
Suh et al. (2006) showed that XRCC1 Arg399Gln 
was a significant predictive factor for the response to 
FOLFOX chemotherapy and short-term survival in 
Asian mCRC patients.  

However, this predictive value of XRCC1 
Arg399Gln (1 196G>A) was inconsistent with the 
results from a multiple genetic polymorphism study 
of biomarkers to predict response to a fluorouracil- 
oxaliplatin regimen in patients with metastatic CRC 
(Lamas et al., 2011). It is a frequent phenomenon in 
biomarker research. For example, the use of a com-
prehensive panel of biomarkers to predict response to 
the combination chemotherapy regimens, the bio-
markers with potential predictive values for 5-FU, 
such as ThS, DPD, and MTHFR have also failed to 
show clinical association with OS and/or PFS in CRC 
patients treated with first-line FOLFOX-4 regimens 
(Huang et al., 2011). This research showed that ge-
netic polymorphisms of ERCC1 and XRCC1 might 
be useful in predicting clinical outcomes in Taiwan-
ese mCRC patients treated with FOLFOX-4. 

3.2  Biomarkers for targeted therapy 

3.2.1  Molecular markers of EGFR inhibitors 

The EGFR is a tyrosine kinase receptor from the 
ErbB family. It is abnormally activated in epithelial 
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tumors, including 25%–80% of CRCs (Mayer et al., 
1993). Monoclonal antibodies specifically inhibiting 
EGFR, such as cetuximab and panitumumab, are now 
an integral part of CRC therapy. Clinical evidence has 
shown a correlation between the severity of rash, a 
common side effect of these agents, and response to 
the therapy (Segaert et al., 2009). This information, 
however, cannot help clinicians optimize their selec-
tion of patients. The EGFR-I’s small responsive pa-
tient population and high costs have pushed clinicians 
to investigate other predictive biomarkers.  

It is now clear that tumor growth can be driven 
by constitutive activation of signaling pathways 
downstream of the EGFR, such as the RAS-MAPK 
and phosphatidylinositol 3-kinase (PI3K) pathways 
(Scaltriti and Baselga, 2006). Oncogenic activation of 
components in these pathways can bypass the 
EGFR-driven signaling cascade and impair the 
clinical efficacy of anti-EGFR monoclonal antibodies. 
Such activation can occur via mutations in oncogenes 
such as KRAS and BRAF on one side of the 
EGFR-mediated pathway and by PIK3CA mutations 
and loss of tumor suppressor genes, such as PTEN on 
the opposite side of the cascade. Lièvre et al. (2006) 
first reported a link between KRAS mutations and a 
lack of response to EGFR-targeted monoclonal anti-
bodies. Data from a number of large randomized 
phase II and III trials have provided convincing evi-
dence that activated mutations of KRAS, which ac-
count for 35%–55% of sporadic CRC, predict lack of 
response to anti-EGFR monoclonal antibody treat-
ment, regardless of first-line FOLFOX (folinic acid,  
fluorouracil, and oxaliplatin), FOLFIRI (folinic acid, 
fluorouracil, and irinotecan), or EGFR-I monotherapy 
(Karapetis et al., 2008; Bokemeyer et al., 2009). The 
osteoporosis and ultrasound study (OPUS) indicated 
that the addition of EGFR-targeted treatment to 
chemotherapy might even be detrimental to patients 
with KRAS mutations (Bokemeyer et al., 2009). More 
recently, it has been suggested that not all KRAS 
mutations have equal effects on EGFR therapy. Pa-
tients with a G13D mutation showed superior survival 
over patients with other KRAS mutations (de Roock et 
al., 2010a). Despite this predictive impact, KRAS 
mutations do not appear to confer any prognostic 
value in CRC patients (Walther et al., 2009). KRAS 
testing is now being integrated into clinical practice. 
The identification of wild-type KRAS as a selection 

biomarker for panitumumab and cetuximab therapy 
represents an important step toward fulfilling the 
promise of individualized treatment for metastatic 
CRC.   

More than 50% of patients bearing wild-type 
(WT) KRAS expressed resistance to panitumumab 
and cetuximab (Khambata-Ford et al., 2007). Be-
cause of the complexity of the EGFR signaling sys-
tem, no one biomarker can be identified to reveal 
which patients will benefit from anti-EGFR therapy 
in practice. It is likely that predictive algorithms that 
incorporate several molecular biomarkers will be 
developed for metastatic CRC. For instance, com-
bining analysis of KRAS status with BRAF and 
PIK3CA status and PTEN expression may identify 
about 70% of CRC patients who are unlikely to re-
spond to EGFR-I (Siena et al., 2009). de Roock et al. 
(2010b) showed that response rates improve from 
36.3% in KRAS-WT to 41.2% in the KRAS/ 
BRAF/NRAS/PIK3CA exon20 WT subpopulation. 
However, these additional biomarkers require further 
validation before incorporation into clinical practice. 

The initial assumption that EGFR over- 
expression, as assessed by immunohistochemistry, 
would predict response to anti-EGFR therapies has 
not been supported by studies (Walther et al., 2009). 
There is evidence that tumors with an increased 
EGFR gene copies, as assessed by fluorescence in 
situ hybridization (FISH) or chromogenic in situ 
hybridization (CISH), may predict increased likeli-
hood of response (Sartore-Bianchi et al., 2007). 
These data suggest that patients with fewer than 
three EGFR gene copies per nucleus are less likely to 
respond to EGFR-I. Further research on larger 
groups of patients is required to validate this bio-
marker (Moroni et al., 2008). 

3.2.2  Molecular markers of VEGF inhibitor 

Vascular endothelial growth factor (VEGF) 
plays a pivotal role in cancer neoangiogenesis and its 
role in cancer including CRC growth and develop-
ment has been extensively documented (Stockmann 
et al., 2008). Several anti-VEGF therapies, such as 
bevacizumab, sunitinib, and sorafenib have been 
developed. MoAb bevacizumab is currently the only 
antiangiogenic agent licensed by the USFDA for use 
in mCRC. Hurwitz et al. (2004) demonstrated that 
bevacizumab significantly improved OS in mCRC 
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patients, with median OS (mOS) of 20.3 months in 
patients receiving irinotecan, bolus fluorouracil, and 
leucovorin (IFL) plus bevacizumab, relative to 15.6 
months in patients who received IFL alone. They also 
retrospectively analyzed plasma and tumor VEGF 
levels and KRAS mutational status but found no as-
sociation between these biomakers and survival 
benefits from bevacizumab (Hurwitz et al., 2009). 

Scartozzi et al. (2009) suggested a possible 
correlation between bevacizumab-induced hyper-
tension and clinical outcomes in CRC patients 
treated with first-line bevacizumab. Unlike other 
targeted therapies, however, no molecular bio-
markers clearly predict bevacizumab efficacy. Re-
cent studies have investigated the influence of VEGF 
gene polymorphisms (VGPs) on the response to 
bevacizumab in breast and ovarian cancer (Schnei-
der et al., 2008; Schultheis et al., 2008). Formica et 
al. (2011) first reported a predictive value for PFS of 
VGPs located in the promoter/5′ UTR in  
bevacizumab-treated mCRC patients. They investi-
gated eight VGPs showing the highest polymorphic 
rates and found a statistically significant association 
between germline −2 578, −1 512, −1 451, −1 411, 
−460, −152, and −1 154 VGPs and PFS. They also 
found a significant association between germline 
VGP −634 and objective response rate (ORR), but 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

not between VGP –634 and PFS. The study was, 
however, retrospective with a small sample size 
(n=40). Prospective trials with larger sample sizes 
assessing chemotherapy+bevacizumab versus che-
motherapy alone are required to definitively deter-
mine how predictive VGPs are in mCRC.  
 
 
4  Future perspectives 

 
The identification of biomarkers that would help 

clinicians practice personalized medicine in CRC is a 
more complex process than was previously believed. 
Biomarkers have been the subject of many published 
papers, but other than KRAS mutation and 
UGT1A1*28 polymorphism, no widely accepted mo-
lecular markers of prognosis and prediction have found 
their way into clinical decision-making (Table 1).  

One reason may be due to the complex process 
of biomarker research, which often involves three 
steps (Fig. 1). First, the potential biomarkers must be 
identified through a retrospective study (the “training 
set”). Subsequently, the potential biomarkers must be 
confirmed in another population (the “confirmation 
set”). Finally, the biomarkers must be validated 
through prospective, randomized controlled trials (the 
“validation set”). The majority of translational studies  
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Fig. 1  Process of biomarker research

(−)



Jiang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)  2012 13(9):663-675 671

of biomarkers are small, retrospective studies with 
training and confirmation sets, with poorly defined 
protocols for sample collection and insufficient sta-
tistical power. These studies have a high risk of bias, 
resulting in unreliable conclusions. Few biomarker 
studies have gone through validation sets. Random-
ized controlled trials are needed, in which specimens 
are collected, processed, and archived using generic 
standard operating procedures (SOPs). 

With the advent of combination regimens, the 
process of elucidating net outcomes of various bio-
marker polymorphisms that alter the efficacy and 
toxicity of combination regimens has become more 
complex. Studies aimed at examining the feasibility 
of multigene predictors of drug response combination 
regimens such as FOLFOX, FOLFIRI are still rare. 

There is no standard method of evaluating cor-
responding biomarkers. For example, studies have 
shown that tumors with increased EGFR gene copies, 
as assessed by FISH or CISH, may predict increased 
response to EGFR-I in mCRC patients. However, 
when EGFR gene copies were evaluated by poly-
merase chain reaction, no association was found be-
tween this parameter and the clinical outcomes of 
panitumumab- or cetuximab-based treatment (Moroni 
et al., 2005; de Roock et al., 2008). This may be be-
cause of tumor DNA dilution by DNA from normal 
cells during DNA extraction. These results limit the 
predictive value in the number of EGFR gene copies. 

In conclusion, the quest for prognostic and pre-
dictive biomarkers has allowed more rational use of 
medication, which should provide benefits to patients 
and health-care providers alike by sparing patients 
unnecessary treatment and allowing better use of 
health care resources. Prospective biomarker-driven 
studies are now under way, moving beyond single- 
gene polymorphisms to a more comprehensive 
evaluation of pathways to identify genomic variants 
and patterns via high-throughput molecular technol-
ogy. The community, however, is still a long way 
from true personalized medicine. 
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