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1. Introduction

Reducing the burden from death and suffering due
to cancer requires improving prevention and treatment
efforts and incorporating early detection and risk as-
sessment strategies into clinical practice. Early detec-
tion and screening of cancer predates a formal cancer
prevention intervention studies. For example, social
scientists have been involved in research determining
the epidemiologic basis of and the cost-effectiveness of
screening for symptomatic and asymptomatic disease.
Notwithstanding the advent of newer high-throughput
technologies the availability of well accepted screening
tests has long been standing barriers to early cancer de-
tection research. The early detection of cancer and risk
assessment promises to increase the number of individ-
uals whose cancer is diagnosed in a localized, curable
stage, however, technological advances are constantly
pushing the boundaries of early detection.

Although not fully incorporated, recent advances in
high through-putareas of gene-expressionmicroarrays,
tissue arrays, protein arrays, and proteomics offer new
approaches and promise a brighter future for the early
detection and cancer prevention. A coordinated re-
search effort among biomarker-development laborato-
ries, biomarker-validation laboratories, clinical reposi-
tories, and population-screening programs have a good
promise for these technologies to be implicated in clin-
ical practice for early detection of all cancers including
colorectal. Here we discuss the need for early detection
of colorectal cancers (CRC) in terms of its potential im-

pact on morbidity and mortality and how current tech-
nology fails to detect early lesions and how molecular
markers can enhance the this detection ability.

2. Role of biomarkers in CRC prevention

The idea of biomarkers that can detect cancer at an
early stage dates back to the discovery of markers like
CEA, SV40 and major histocompatibility HLA anti-
gen [1–3]. However, research emphasis in cancer pre-
vention and early detection has come a long way from
single tumor and single gene analysis to one of a com-
plete molecular profiles [4–6]. These represent con-
stantly shifting paradigms for biomarkers of early de-
tection and risk assessment as they are at the cross roads
of technological advances in molecular diagnosis and
statistical and analytic tools (i.e., algorithms).

Cancer is a consequence of insult to genome from
endogenous as well as environmental factors that result
in genetic alterations and complex gene-environment
interactions [7]. Based on these observations and oth-
ers it was proposed that majority of cancers could be
prevented by eliminating or modifying exposures to
carcinogens [8]. Successful strategy for cancer pre-
vention is intimately dependent upon the identification,
development and validation of effective biomarkers of
risk and early detection.

Overall risk for colorectal cancer varies depending
on the stage of cancer and the ability to effectively di-
agnose at an early stage. Cancer prevention strategies
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can be asprimary prevention, which is addressed to ap-
parently healthy individuals with the goal of reducing
occurrence of the disease [9]. Next level of prevention
is applied to individuals affected by premalignant con-
ditions, with the goal of reversing or inhibiting the car-
cinogenesis process, referred as secondary prevention.
Most importantly,secondary prevention involves the
identification of cohorts at greater than average risk for
disease through screening for sub-clinical pathology
followed by interventions to arrest progression, hence
cancer biomarkers are a foremost part of this detec-
tion effort. Finally, tertiary prevention involves patients
with diagnosed disease in whom applied interventions
may improve, alleviate and reduce complications [10].

2.1. Biomarkers in cancer prevention

Each level of cancer prevention is highlighted by
biomarkers of risk, early detection and exposure. Fur-
ther, the field of cancer prevention has tremendously
benefited from surrogate endpoint biomarkers. Each of
these biomarkers and their role in early detection and
risk assessment is discussed below.

In addition biomarkers for cancer prevention must
also be validated before they can have an impact on
cancer risk assessment. The need to characterize a set
of valid biomarkers that reflect events relevant to car-
cinogenesis is a leading priority in cancer prevention
research. Validity is a general concept that refers to
a range of characteristics of the biomarker, such as its
determinants or the analytic procedures. An impres-
sive amount of literature has been published on the con-
cept of biomarker validation and the various aspects
of the validation process. For the review of biomarker
literature see [11–13].

3. Biomarkers of risk

It is important to distinguish between markers of risk
and markers of early detection as they share the same
outcome, namely, the incidence of disease (cancer).
Markers of risk indicate that cancer is more likely to
occur in certain persons compared to general popula-
tion. A positive risk marker confers significantly less
than 100% certainty of cancer within a specified time
interval, whereas early detection markers on the other
hand confer close to 100% certainty of cancer.

All surrogate markers that are not diagnosed with
cancer incidence are by definition biomarkers of risk.
For example, for CRC polyps and adenomas are sur-

rogate endpoint biomarkers, as polyp/adenoma inci-
dence does not indicate cancer incidence but indicates
an increased risk for colon cancer. To decide which
risk factors can be used as surrogate endpoint biomark-
ers, the risk marker and its method of detection has
to be well defined and knowledge of its strength and
relationship to the definitive outcome must be known.
Some putative biomarkers of risk is listed in Table 1.
Biomarkers as surrogate endpoint are used primarily to
save cost and time in intervention trials. These criteria
for biomarkers be tested and evaluated in preclinical
models using cell, tissue culture and animals.

There are several factors that have been described
for an increased risk of CRC incidence. As described
above biomarkers of risk can be inherited or acquired.
First and foremost is the age, the risk of CRC begins to
increase after the age of 40 years and rises sharply at the
ages 50–55 years; the risk doubles with each succeed-
ing decade, reaching a peak by 75. One can argue this
association for an increased risk either due to inherited
infidelity of normal replication process [14–16] or due
to an accumulated mutational effect of environmental
risk factors. Most likely, it is an interaction of both
risk factors giving sometimes a synergistic outcome in
terms of altered genomes and pathways.

Many affected genes and their roles in dysfunctional
pathways in CRC have been identified by analyzing
sporadic CRC and FAP cancers. Recently, the role of
DNA mismatch repair pathway, which plays a criti-
cal role in the maintenance of genomic integrity dur-
ing replication process, has been identified as the key
dysfunction in HNPCC cancers [17–19].

It has been reported that a Western lifestyle (associ-
ated with diet and physical activity) shows a positive
correlation with a high risk of CRC [20]. For exam-
ple, a case control study indicated that Western lifestyle
was associated with chronic levels of insulin and IGF-
1 in the serum and high risk of CRC. It is likely that
other dietary agents that reduce the risk of CRC inter-
act with either colonic bacteria, bile acids, mucins and
carcinogens at different levels affecting the overall risk
of cancer incidence.

4. Biomarkers for early detection

Early detection biomarkers that can identify cancer
using either serum or feces are ideally suited as a re-
liable screening tool which has an underlying goal of
“early diagnosis and risk assessment” [21]. In order
for a biomarker to be useful in clinics routinely, several
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economic and technical limitations need to be consid-
ered in terms of their effectiveness and predictive value.
However, no such single biomarker exists but research
holds promise in that a number of tumor biomarkers
are being tested and being evaluated. It is likely that
a panel of biomarkers; combination could give a bet-
ter predictive value for early detection. This approach
was successfully used in a proteomic profiling detec-
tion of the risk of ovarian cancer and fecal DNA panel
in CRC [22].

Realization of colorectal carcinogenesis as a contin-
uum of molecular aberrations rather than a single cata-
clysmic event has led to major shifts in the paradigms
for early detection and cancer prevention. Molecular
aberrations in phenotypic steps of CRC seem to ac-
cumulate with advancing histopathologic lesion (i.e.,
aberrant crypts to adenomas to carcinoma). At each
of these steps there is an opportunity for detection and
intervention – a chance to prevent, slow or even halt the
gradual march – of healthy cells toward malignancy. It
is estimated that the majority of cancers are induced
by carcinogens; thus, if exposure to carcinogens is
avoided, cancer can be prevented. A list of molecular
abnormalities include:k-ras, APC, DCC, β-catenin,
MSH2, MLH1, SMAD4 and p53, among others (see
Tables 1–4 and Fig. 1). Many of these mutations are
currently being evaluated as potential biomarkers for
early detection.

4.1. Biomarkers of exposure

Biomarkers of exposure provide with the measure-
ment of internal dose estimates for individual differ-
ences in carcinogen uptake and metabolism, and pro-
vide an estimate of the actual amount of the agent within
the body.

Indicators that can be used in cancer prevention are
the biomarkers of exposure and/or events in biologi-
cal systems or samples. Potentially relevant markers
for cancer chemoprevention include exposure, interme-
diate, drug effect, tumor, and susceptibility biomark-
ers. Although characteristics and issues associated with
each type of biomarker are different there is no distinct
boundary between them and one type of biomarker can
be used for another purpose (e.g., DNA damage as a
marker for mutations in tumor suppressor genes).

For the purpose of cancer prevention discussion, a
biomarker of exposure is any indicator that reflects en-
dogenous or exogenous exposure to carcinogenic risk
factors and it can be measured in the body or its prod-
ucts (body fluids etc) and it is predictive of the inci-

Table 1
Biomarkers for early detection

Single markers
APC mutation
p53 mutation
K-ras mutation
β-catenin mutation
Bcl-2 mutation
Cyclin D1
Cyclin E1
SMAD4
Kinases
Proliferation in Aberrant Crypt Foci
MMR defects

hMSH2
hMLH1
hMSH6
hPMS2
hPMS1
Microsatellite Instability (MSI)
Methylation ofhMLH1 promoter

Fecal Occult Blood Test
Panel of Biomarkers

Fecal DNA markers
Gene Expression profiles
Proteomic profiles
Methylation profiles

Table 2
Putative biomarkers for detection

Marker (Gene/Protein) Mutation Incidence Specimen

APC ∼ 70% Stool
p53 50-70% Stool
K-ras 50% Stool
CTNNB1 4-15% Tissue
SMAD4 16% Tissue
SMAD2 6% Tissue
MSH2 Stool
MLH1 Stool
MSI 15% Stool, Serum
DCC 3% Tissue
Src 2% Tissue
IGF-1 Serum
CEA Serum
Ploidy 80-85% Serum
Methylation Stool, Serum

aNumbers in parentheses represent prevalence of genetic mutations
reported in [4]. b Specimens listed are those in which the assay for
mutations can be performed.

dence or outcome of disease. For example, a cancer
susceptibility biomarker is an indicator of a inheritable
ability of carcinogenic agent or event.

Although, no exposure markers are currently used
for CRC exposure risk, liver cancer serves as a model
for the study of biomarker of exposure. For example,
it has been well documented that exposure to aflatoxin
B1 (AFB1) and hepatitis B virus (HBV) are the most
important exposure risk factors for liver cancer [23,24].
Using specimens that have been collected from individ-
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Table 3
Future directions for biomarkers in cancer prevention

Following challenges provide a framework for the direction of future research in cancer prevention and early
detection and the use of high throughput proteomic (and in some cases expression) profiling.

a) Methods for supervised classification?

i) Unsupervised clustering (unknown cancer classification)
ii) Class/pattern discovery (unsupervised) algorithms-cluster analysis via:

(1) k-means
(2) hierarchical;multidimensional scaling
(3) self organizing maps
(4) generative topographic maps
(5) maximum likelihood/mixture models

b) Assessment of the error rates
c) Sample size relative to dimension of the data
d) High cost and limited number of biologic specimen

e.g., two stage screening in microarray experiment. A small sample to select a subset of candidates and
investigate them in more detail with larger sample.

e) Indications and contraindications of microarray analysis approach.
e.g., if it is used, what is the optimal design in terms of sample sizes in each stage and the selection
criteria. Large dimesionality of the data and relatively small sample size makes the optimal design very
hard.

f) Statistical challenges: single vs. panel of biomarkers

i) Are panel of biomarkers superior to single marker?
ii) Biomarkers as surrogate endpoint-theoretical advantages of shorter trial duration; stop when reached

surrogate; smaller sample size, however, the challenge is to identify what data are necessary for
validation, what validation statistics is best, what values of statistics indicates surrogate is acceptable?

Table 4
The criteria for the evaluation of biomarkers of risk and early detection

Criteria for Risk Biomarkers

– differentially expressed in premalignant or high-risk, and tumor tissue
– provide acceptable predictive accuracy for risk or for the presence of cancer
– the variation of the detection tests should be known

Criteria for Surrogate Endpoint Biomarkers in Prevention

– be a determinant of outcome
– modulated by chemopreventive agents
– modulation or elimination of the risk marker must correlate with a decrease in cancer incidence

uals before they developed liver cancer, the AFB1-N7-
guanine adduct can be found to be predictive of liver
cancer. Eventually, this validated data led to the devel-
opment of cancer prevention program that targeted the
reduction of dietary AFB1 and the vaccination against
HBV. This exposure biomarker in hepatocellular carci-
noma exemplifies the usefulness of successful cancer
prevention strategy that can serve as a model for CRC
cancer prevention program.

4.2. Surrogate endpoint biomarkers

Surrogate endpoint biomarkers are intended to sub-
stitute for a clinical endpoint, e.g., incidence of dis-
ease, death etc. The idea of surrogacy has now been
extended to include “surrogate sites” – documenting

changes in readily accessible anatomic sites which can
serve as substitute for a clinical outcome in less acces-
sible sites, e.g., oral-pharyngeal mucosa as a surrogate
for lung cancer.

Surrogate endpoint biomarkers are an important as-
pect of the chemopreventive drug development pro-
cess. Surrogate markers provide means for perform-
ing chemoprevention trials [25]. In the absence of sur-
rogate endpoint biomarkers, typical clinical trials for
measuring cancer incidence reduction could take 5–10
years requiring huge sample size (subject accrual in the
tens of thousands) [26] with lengthy follow-up peri-
ods and high cost. Hence, the use of phenotypic and
genotypic biomarkers as surrogate endpoints for cancer
incidence is gaining momentum for the evaluation of
chemopreventive efficacy in most cancer targets in 1–3



A. Umar and S. Srivastava / The promise of biomarkers in colorectal cancer detection 91

Fig. 1.

years with few hundred subjects, reducing the overall
cost of chemoprevention trials.

Surrogate endpoint biomarkers are of utmost impor-
tance in preclinical and clinical prevention schemes.
These biomarkers must fit expected pathological cri-
teria of disease (i.e., altered in high risk situations),
modulated by intervention strategies, readily quantified
and correlate with altered disease situations (precan-
cer/cancer) [27,28].

5. Multiple biomarkers: One for all or all for one

Current debate for biomarkers for risk and early de-
tection seems to be focusing on if there is a single
comprehensive biomarker that can successfully predict
risk for any cancer type or is there should be multi-
ple biomarkers for a single cancer. It seems like that
jury is leaning more toward the later approach as mul-
tiplexing methods are becoming more of a norm than
an exception.

Recent advances in molecular biology, and speci-
men handling has led to the development of a panel of
biomarkers to be tested simultaneously [29]. The basis
of this test became apparent after it was realized that
exfoliated cells from colonic mucosa are sloughed into
the stool. DNA from the stool can be isolated and sub-
jected to a multi-target DNA analysis panel. This assay
can currently, assess 15 mutational hot spots including

k-ras, p53, APC, BAT-26, and L-DNA (large DNA-
fragments as large as 2.4 kb have been observed) [29,
30].

6. Validation of biomarkers

Although in practice, modulable intermediate bio-
markers play an important role in the evaluation of
chemopreventive agents in phase II trials. However,
the biggest hurdle in the advancement of biomarkers
come from inability to corroborate these biomarkers in
clinical setting, as these biomarkers have not been vali-
dated at any levels, especially in relation to subsequent
incidence of cancer, which is the main reason that these
are not being used in phase III trials.

For the validation process, questions are raised at
each step and include:

1. Does the intervention strategy affect the bio-
marker?

2. What the percentage of affected population (co-
horts) that show biomarker consistently?

3. Is the molecular mechanism as the basis for the
biomarker use is warranted?

4. Is the biomarker associated with the outcome of
cancer?

5. How relevant is the modulation of biomarker as
an indiactor for change in disease (cancer) status?
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6. Is the biomarker associated with a chemopreven-
tive agent or risk factor for cancer?

7. Are the risk factors also mediated by the
biomarker?

The use of uncorroborated biomarkers in cancer pre-
vention is a dangerous proposition. This can lead to not
only use of spurious inferences and generalizations but
can eventually lead to erroneous cancer detection and
even use of failed intervention strategies. For a com-
prehensive review for validation of biomarker readers
are referred to Srivastava et al., 2001, and Srinivas et
al., 2001 [11,12].

7. Current knowledge of molecular alterations in
cancer is the tip of the iceberg

Although majority of colorectal cancers are sporadic
in nature, however, molecular alterations that are seen
in the hereditary CRC are also present in sporadic can-
cers. Invasive colorectal cancer is a multistep, mul-
tistage process that evolves over several years. Mul-
tistep nature of CRC also yields distinct intermediate
lesions with specific molecular alterations that paral-
lel histopathologic changes from normal epithelium, to
hyperplasia, to polyp, to adenomas and carcinoma [31,
32].

Current knowledge of molecular alterations that are
important for CRC include epigenetic and genetic
changes in key tumor suppressors and oncogenes is ex-
tensive, however, it still represents the tip of the ice-
berg of knowledge that need to be resolved for a com-
plete understanding of the CRC pathogenesis, espe-
cially the natural history. Genetic changes include al-
teration in overall DNA content (aneuploidy or change
in DNA index), nuclear aberrations, and altered pro-
tein expression. Specific alterations were first identi-
fied systematically by Fearon & Vogelstein and others,
includek-ras, APC, β-catenin, MSH2, MLH1, MSH6,
PMS2, DCC/SMADs, andp53 among others [31–33].
Although our understanding of CRC carcinogenesis is
detailed and many steps are clearly defined, but it is far
from complete. Current research in identifying molec-
ular targets and deciphering their role in the natural
history of the disease is the key to biomarker research
in the future.

8. Chromosome aberrations as cancer predictors

It is been proposed that chromosomal aberrations
are associated with cancer and can act as an inter-

mediate step in the causal pathway to becoming can-
cer. For example, in certain cancers chromosomal rear-
rangements play an important role in the activation of
proto-oncogenes and inactivation of tumor suppressor
genes [32,34]. In addition, karyotypic alterations have
been found in almost all types of neoplastic cells, and
used as diagnostic indicators [35–37]. Apart from the
carcinogenesis process being selective for such events,
these aberrations are a hallmark of exposure of carcino-
gens that tend to be clastogenic. Hence, chromoso-
mal aberrations can be effectively used as predictors of
cancer or biomarkers of early detection.

9. Multistep carcinogenesis: An opportunity for
cancer prevention

During the last 30 years, molecular biology has con-
tributed greatly to our understanding of colorectal car-
cinogenesis. It is estimated that during this time period
(decades to life long [38]) CRC carcinogenesis some
4 to 7 rate-limiting genetic changes must take place
before a normal cell becomes malignant [39,40]. This
chronic multistep evolutionary nature of CRC provides
ample opportunity for early detection and prevention
of cancer.

Genetic instability is the hallmark of molecular col-
orectal carcinogenesis. The genomic neoplastic contin-
uum can be categorized as early, intermediate, and late
events; which seems to proceed through at least two
distinct pathways involving chromosomal instability
(CIN) or microsatellite instability (MSI or MIN) [41].
Multiple genes are involved in the final histopathologic
morphologic expression of CIN and/or MSI colorectal
carcinomas (Fig. 1). Individual genetic variations (or
polymorphisms) may result in the phenotypic differ-
ences, which are manifested by individuals and pop-
ulations. The recognition, examination, and compari-
son of the CIN and MSI pathways provide insights into
CRC pathogenesis.

10. Early detection lessons learned from inherited
cancers

Our knowledge of molecular biomarkers for early
cancer detection has greatly improved with understand-
ing in the hereditary CRC. The majority of CRC are
sporadic (or non-familial), occurring in individuals
without familial adenomatous polyposis (FAP), hered-
itary nonpolyposis colorectal cancer (HNPCC), family
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history of CRC, or inflammatory bowel disease [42].
The molecular aberrations unveiled during and after
the discovery of each hereditary gene discovery has ad-
vanced our knowledge of biomarkers as discovery of
mutations in these and related genes grew several fold.

Familial adenomatous polyposis (FAP) and hered-
itary non-polyposis colorectal carcinoma (HNPCC)
constitute “high-risk” prototypical models for major-
ity of CRC cancers (sporadic and genetic) [43]. Sim-
ilarly, each of these distinct pathways represent two
major pathways of genetic instability observed in ma-
jority of colorectal carcinomas. In 80% to 85% of
CRC, the predominantcarcinogenicpathway is demon-
strated by aneuploidy, chromosomal rearrangements,
and translocations characterized by chromosomal in-
stability (CIN) [43,44]. The remaining 15% to 20% of
CRC involve a second pathway of genetic instability
that occurs at the nucleotide level, resulting from in-
creased mutations at repetitive DNA sequence elements
called microsatellites characterized by microsatellite
instability (MSI or MIN). Each hereditary CRC syn-
drome are represented by a small percentage of overall
CRC but contributed to the understanding of carcino-
genesis tremendously.

FAP and the majority of sporadic CIN tumors arise
from adenomatous polyps in the distal colon. In con-
trast, HNPCC and most sporadic tumors MIN develop
in the proximal colon [43]. The precursor lesions of
HNPCC and the sporadic MIN pathway are widely de-
bated, recent evidence suggests that tumors with MSI
may arise from non-adenomatous polyps [45,46]. Our
understanding of HNPCC and its underlying genotype
and phenotype has led to the use of MSI markers as the
risk and early detection markers either independently
or in conjunction with other markers (as a panel of
markers) [29].

11. Famialial adenomatous polyposis colorectal
carcinoma

FAP results from an autosomal dominant germline
mutation in the adenomatous polyposis coli (APC) tu-
mor suppressor gene [47,48]. Moreover, studies sug-
gest that the sameAPC gene is somatically mutated
in 70% of all sporadic CRC [32]. Other mutations
that are subsequently accumulated in FAP and spo-
radic colorectal carcinomas includek-ras, β-catenin,
SMAD 2/4, andp53. In FAP and sporadic CIN colorec-
tal carcinomas, allelic loss or loss of heterozygosity
(LOH) of theAPC tumor suppressor gene is consistent

with Knudson’s “two-hit” hypothesis [49–51]. One
germline allelic mutation is inherited in FAP while the
second mutation is somatically-derived. On the other
hand, two somatic mutations are required for colorectal
carcinogenesis in sporadic CIN cancers. Hundreds to
thousands of adenomatous polyps are seen at early age
with additional gastrointestinal symptoms appearing in
the third and fourth decades of life. Without removal
of the colon, almost all FAP individuals develop CRC
by 40 years of age.

It is believed that mutations inAPC andk-ras ini-
tiate the growth of an adenoma. Transitions from the
adenoma to carcinoma are correlated with subsequent
alterations inβ-catenin, SMAD 2/4, and p53. Inva-
sive CRC develops when a sufficient number of mu-
tated genes accumulate in the absence of their normal
alleles [32].

12. HNPCC and sporadic colorectal carcinoma
with MSI

HNPCC or Lynch syndrome is characterized by au-
tosomal dominant germline mutations in the mismatch
repair genes, i.e.,hMSH2, hMSH6, hMLH1, hPMS1
or hPMS2. HNPCC accounts for one-third or less of
all MSI (or MIN) tumors [17], whereas the remaining
two-thirds are due to sporadic somatic silencing of the
hMLH1 gene [52]. For a complete review of DNA
mismatch repair see references [14,53].

Pathologically, HNPCC lacks specific features, mak-
ing it difficult to distinguish from sporadic CRC. Diag-
nosis is generally based upon a combination of clinical
features and the Amsterdam or Bethesda criteria [48,
54]. HNPCC is defined by the presence of three or
more family members with CRC in at least two suc-
cessive generations, with at least one affected subject
being diagnosed at less than 50 years of age. Aver-
age age of diagnosis is usually 41 years [55]. HNPCC
is generally located in the proximal colon and is usu-
ally poorly differentiated with mucinous histopathol-
ogy [56]. Germline mutations inhMSH2 orhMLH1 are
found in 45% to 70% of all families that meet the strict
criteria for HNPCC [57–59]. Current guideline for HN-
PCC, although is still under development has included
histopathological and genetic markers into account for
early detection and risk assessment.

Microsatellite instability is the hallmark of HNPCC
and MSI pathway of colorectal carcinomas. Initially,
three independent groups identified genomic instabil-
ity leading to MSI carcinoma in 12–15% of sporadic
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CRCs [60–62]. Subsequent reports confirmed the pres-
ence of similar pathways in extra-colorectal carcinomas
such as endometrial, ovarian, urinary tract, and upper
gastrointestinal tract [63–65]. With refined molecular
biology and biomarker research it is becoming clear
that at least two different forms of MSI exists in CRC
and different risks might be associated with each.

13. Shifting paradigms in biomarkers research

With recent improvement in the technologies that
help to identify molecular and epidemiological knowl-
edge of colorectal carcinogenesis and risk of devel-
oping CRC, effective chemoprevention of this com-
mon disease is a realistic proposition. Multiplexing of
molecular analysis is providing detailed genetic, epi-
genetic and proteomic profiles of early lesions of col-
orectal cancer with increasing accuracy. If the cur-
rent trend is an indication for future directions in the
biomarker research we are in for an enthralling voyage.
There seems to be a shift in the research paradigms
in biomarker research, as the days of one sample one
test seems to be numbered. Multiplexing and intimate
dependence on the computers and use of algorithms to
reliably predict the presence, risk or modulation in the
state of preneoplastic and neoplastic disease.

14. Proteomic expression profiling

New technological advances are so stark in their im-
pact that it is certain that their applications for can-
cer detection will have an important effect on pub-
lic health; however, to achieve this goal, more spe-
cific and sensitive markers are needed. Detection of
serum proteins via matrix-assisted laser desorption and
ionization time-of-flight (MALDI-TOF) and surface-
enhanced laser desorption and ionization time-of-flight
(SELDI-TOF) mass spectroscopy represent a profiling
approach for early detection [66]. Serum protein pro-
files can provide thousands of data points, which can
be further analyzed by sophisticated algorithms. Re-
cently, a successful demonstration of this approach was
published where using serum proteomic patterns suc-
cessfully predicted ovarian cancer with 100% sensitiv-
ity, 95% specificity and overall 94% predictive value.
These findings lay a foundation for a new paradigm for
the biomarkers of early detection and risk by justify-
ing a prospective population based assessment of pro-
teomic pattern technology as a screening tool for not
only ovarian cancer but also for other cancers.

15. Future directions

Availability of new technologies is the single most
important factor in the future of biomarkers for early
detection of cancer. With the completion of human
genome sequencing and a plethora of expression pro-
files, new information coming from the technology-
derived methods can be of paramount importance in
human colorectal cancer studies. Cancer biomarkers in
near future has already begin to realize the role of sus-
ceptibility genes by more efficiently investigating their
influence on specific effects of exposures and response
to genotoxic agents are being elucidated. These con-
siderations are even more valid when the contribution
of proteomics is considered as well. The contribution
of high throughput technologies to cancer biology is
under intense investigation. However, there are serious
challenges before new technologies can have a real im-
pact as no evidence has been produced about the asso-
ciation between data on gene expression or proteins and
classical markers of exposure or early effect. On the
other hand this is the first step of a validation process as
the population biomarker validation is not started yet.

Patterns of proteins from tissue, cell or serum defines
the proteomic profile for an individual at a given time.
Hence, proteomics can be used successfully to detect
cancer at early stage of onset and even predict future
propensity of an individual at risk. High-throughput
proteomic approaches are already yielding a large num-
ber of new molecular biomarkers. For example, high-
throughput mass spectroscopic techniques can now be
used to compare profiles between normal, precancerous
and cancerous lesions.

The future of cancer biomarkers is promising, as so-
phisticated analytical techniques are being developed
to determine smaller and smaller amount of molecu-
lar determinants of the disease. By building reliable
biomarker databases, a promising future is the integra-
tion of information from the genome programs to ex-
pand the scientific frontiers on causes, risk prediction
and prevention of the disease.

16. Conclusion

Colorectal carcinogenesis is a continuum of molec-
ular Darwinian selection events over several years to a
decade long period. With this chronic molecular aber-
ration come distinct phenotypic and genotypic stages
that can be recognized clinically. Accumulation of al-
terations in the gene sequences, expression levels and
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protein structure and function have been associated
with each stage (i.e, aberrant crypts, dysplasia, hyper-
plasia, adenoma and carcinoma) of colorectal carcino-
genesis. For early detection and biomarker discovery
each of these stages represents opportunity. By de-
vising strategies for early detection and eliminating ei-
ther by reducing risk factors or by monitoring these
biomarkers after nutriceutical/pharmaceutical interven-
tion. The utmost challenges are in the future as the
knowledge of early biomarkers of CRC are validated
and applied routinely in a clinical setting.
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