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Abstract

Surgical resection remains a mainstay of treatment and is highly effective for localized colorectal
cancer. However, ~30—40% of patients develop recurrence following surgery and 40-50% of
recurrences are apparent within the first few years after initial surgical resection. Several variables
factor into the ultimate outcome of these patients, including the extent of disease, tumor biology,
and patient co-morbidities. Additionally, the time from initial treatment to the development of
recurrence is strongly associated with overall survival, particularly in patients who recur within
one year of their surgical resection. Current post-resection surveillance strategies involve physical
examination, laboratory, endoscopic and imaging studies utilizing various high and low-intensity
protocols. Ultimately, the goal is to detect recurrence as early as possible, and ideally in the
asymptomatic localized phase, to allow initiation of treatment that may still result in cure. While
current strategies have been effective, several efforts are evolving to improve our ability to identify
recurrent disease at its earliest phase. Our aim with this article is to briefly review the options
available and, more importantly, examine emerging and future options to assist in the early de-
tection of colon and rectal cancer recurrence.

Key words: Colorectal cancer, recurrence, biomarkers.

Introduction

More than 140,000 people in the United States
will be diagnosed with colorectal cancer (CRC) this
year.! Of those diagnosed and undergo a potentially
curable surgical resection, approximately 25-40% will
develop a tumor recurrence, many of whom will die
from their disease.? Confounding the situation, the
optimal strategy to accurately detect recurrences at
the earliest possible time is a highly debated concept
in the current colorectal cancer literature. It is well
known that most recurrences occur within 5 years.

The current recommendations for follow-up include
routine visits with laboratory evaluation every 3-4
months for the first 2 years (then every 6 months for 2
years then annually), CT scan every 6 months for the
first few years, and a colonoscopy within 12 months of
the resection. Patients should be offered another co-
lonoscopy after 3 years if the examination is normal.
Further surveillance depends on the results of the
examination, imaging, labs and endoscopy; however,
if that examination is normal, the patients may un-
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dergo routine examination annually and endoscopic
surveillance every 5 years.3 It is in this post-surgical
window where efforts at both predicting and identi-
fying recurrent disease need to be expanded. More
importantly, detection of these early recurrences
(prior to widespread metastases) can be effectively
improved through predictive nomograms, bi-
omarkers, and/or imaging studies, and allows for
potentially more effective re-intervention, and a
longer overall survival. The aim of this article is to
inform readers of novel and evolving concepts re-
garding early detection of tumor recurrence.

Predicting Tumor Recurrence

Regardless of the adequacy of resection and the
use of adjuvant therapy, recurrence remains a major
problem. While debate regarding the ideal surveil-
lance strategy (i.e., intensive versus standard) exists,
the focus remains on identifying recurrent disease at
the earliest possible instance, when it is potentially
still curable with additional treatment. One of the
ways this can be achieved is by improving the ability
to predict those that will recur, which could lead to
more focused or intensive follow-up. To aid in this
process, several patient and disease-related factors
have been identified that can help better predict the
risk of recurrence, including depth of invasion, num-
ber of nodes involved, site of disease, obstruction,
perforation, resection margins, and pathologic
grade.*® Based on these factors, patients are typically
stratified into cohorts with a similar prognosis to aid
with predicting outcomes (i.e., disease-free and over-
all survival) following resection. Select patients (i.e.,
Stage III and high-risk Stage II) will be offered mod-
ern adjuvant therapy, which has been shown to lead
to a reduction in recurrence and an overall improved
prognosis.®” However, a key factor remains the abil-
ity to identify those patients who will truly benefit
from such regimens and not expose those that will not
to undue harm. The difficulty with many of the cur-
rent strategies is that patients are often “lumped” to-
gether without considering other factors such as tu-
mor biology or individual characteristics that may
lead to better delineation of risk categories.® To com-
bat this, various predictive models are becoming more
available, validated, and widely used by the practic-
ing surgeon and medical oncologist.

Predictive Nomograms

Nomograms are prediction stemming from
hundreds of patients who present with the same con-
dition. Using the characteristics of these patients, the
individual can determine their relative risk. They are
typically easier to understand for the average patient
due to a risk estimation on a 0-100% scale. In regards

to colon cancer, nomograms can reliably predict the
probability of a patient’s overall survival from colon
cancer five years after surgical removal of all cancer-
ous tissue.

Adjuvant! Online

Adjuvant! Online provides a model to predict
the risk of recurrence as well as the potential benefit of
adjuvant chemotherapy.® This model was originally
created using the SEER database for patients with
breast cancer and has subsequently been updated for
patients with colon cancer. It is based upon several
clinical parameters such as tumor size and number of
positive nodes. The program then adds the individu-
al’s comorbidities to estimate an overall survival.” The
model is extremely useful and patient friendly, as it
provides a visual bar-graph representation of the
benefit of adjuvant therapy in terms of disease recur-
rence and overall survival, as well as likelihood of

death based on co-morbidities alone
(http:/ /www.adjuvantonline.com).!
MSKCC

Another popular and useful nomogram has been
created by the Memorial Sloan Kettering Cancer
Center (MSKCC) for colorectal cancer.’® The model is
based on an institutional database of 1,320 patients, of
whom 243 had developed disease recurrence at last
follow-up. The nomogram was developed, validated,
and compared with the American Joint Committee on
Cancer fifth and sixth editions with a concordance
rate of 0.77, with regards to identifying those most at
risk for recurrence at 10 years.!? This decision aid
takes into account site of disease, preoperative
carcinoembryonic antigen, lymphovascular invasion,
and perineural invasion (http:/ /nomograms.mskcc.
org).1213

Bayesian Belief Network

A Bayesian Belief Network (BBN) is a hierar-
chical network of associations amongst clinical factors
in a registry data set that provides multivariate map-
ping of complex data.® This modeling process uses
mathematical computations based on a conditional
dependence between several different variables to
provide a probability estimate of a given outcome of
interest. Unique to this system, the model goes be-
yond simple TNM staging by combining interactions
amongst known variables (i.e., patient demographics,
tumor biology, histopathologic characteristics) to
provide individualized estimates of case-specific risks
for a given patient (i.e., overall and disease-specific
survival). BBNs have been shown to improve prog-
nostic estimates and to guide clinical decision-making
and counseling for appropriate treatment and fol-
low-up surveillance testing for several different tu-
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mors including colorectal cancer.8 1415

As an example, Stojadinovic et al. reported on a
BBN specifically looking at colorectal cancer. When
compared with the AJCC staging system alone, they
showed superior sensitivity and specificity in esti-
mating mortality.® These inferences can then be used
to assist patients and providers to estimate outcomes
much more specific to the individual patient (Figure
1). While not currently available, if the above models
could be placed into computer or smart-phone “app”
formats, they may assist the provider with real-time
clinical decision-making in terms of use of (or avoid-
ance of) adjuvant treatment.

Genetic Components of Recurrence

Markers that can reliably predict the likelihood
of recurrence or responsiveness to chemotherapy
would be particularly helpful in Stage II or
node-negative colorectal cancer for clinical deci-
sion-making regarding both treatment and follow-up.
Current pathological staging fails to predict recur-
rence accurately in many patients undergoing cura-
tive surgery for localized colorectal cancer. In fact,
10%-20% of patients with Stage II colorectal cancer
(theoretically cured by a proper oncological opera-
tion), and 30%-40% of those with Stage III colorectal
cancer, develop recurrence.'® Where the “blame” lies
in this is controversial, however, factors such as in-
adequate surgical margins or lymph node extraction,
insufficient pathological examination (i.e, un-
der-staging), and tumor biology have all been re-
ported to play a role in recurrent disease.l” In the
realm of colorectal cancer, microarray technology has
been used to investigate gene expression profiles, yet
no established signature has been found that is relia-
bly useful for clinical practice. Even less data exists for
predicting prognosis and recurrence. Studies on CRC
have been poorly reproducible, possibly because CRC
is composed of distinct molecular entities that may
develop through multiple pathways on the basis of
different molecular features.’® Currently, most scien-
tific information is in the preclinical stages, however,
there is promise that one or more of the following
laboratory findings may play a larger role in deter-
mining treatment guidance as well as cancer recur-
rence.

Carcinoembryonic Antigen (CEA)

Serum carcinoembryonic antigen (CEA) is still
the most widely used tumor marker in patients with
colorectal cancer. Pretreatment CEA levels are useful
for prediction of prognosis, and postoperative serial
assays of CEA level provide an opportunity for early
detection of recurrent disease by following trends and
basing additional diagnostic testing on early eleva-

tions.’® As such, serum CEA level is still considered
the laboratory value of choice to monitor the risk of
local or distant recurrence after surgical resection.
Consistent elevation in CEA is a concerning sign of
disease recurrence and it remains the only widely
used serum tumor marker that has been shown to
correlate sufficiently with colorectal tumor activity to
be used reliably during follow-up.? However, there is
not uniform acceptance of this notion. Amri and col-
leagues questioned whether preoperative continuous
CEA values could be used as a predictor of dis-
ease-free survival, recurrence, and overall survival, in
surgical colon cancer cases. Specifically, CEA levels
were measured at different intervals up to the point of
colorectal cancer resection. They showed that using
CEA levels continuously had no relationship with
metastatic recurrence and a weak association with the
overall risk of metastatic disease and death. The asso-
ciation of preoperative CEA with recurrence was not
statistically significant using logistic regression
(P=0.5). Cox regression also showed no change in
hazard ratio of shorter survival duration (HR=1,
P<0.001) and shorter disease-free interval (HR=1,
P<0.001).21 At this time, preoperative CEA may be a
useful risk estimator, but has limited significance for
predictions of long-term outcomes in individual cases
or the risk of recurrence. Furthermore, it highlights
the need for better markers of early recurrence, as
drawbacks to CEA’s use include a lack of consensus
on the frequency or duration of its testing, the poten-
tial for unnecessary additional diagnostic testing (i.e.,
lack of cost-effectiveness), as well as its utility in
guiding invasive intervention, especially in light of
advances in imaging techniques such as PET/CT 222

Microsatellite Instability (MSI)

Among the molecular markers that have been
extensively investigated for colon cancer characteri-
zation and prognosis, microsatellite instability is
caused by a defective function of the DNA mismatch
repair system. MSI also shows some of the most
promising data related to colon cancer recurrence.
Patients with MSI-high colon cancers, defined as those
with multiple insertion or deletion mutations in at
least 2 of 5 loci of DNA, rarely develop distant me-
tastasis and have a longer overall survival (OS) than
stage-matched microsatellite stable (i.e., those cancers
with no instability in at least 5 loci of DNA) or mi-
crosatellite-low (1 of 5 loci with insertion or deletion
mutations) colon cancer patients.2* 2526 Tikidzhieva et
al. found that MSI status modulates the risk of disease
relapse in colon cancer patients in a time-varying
manner, with a significantly reduced risk of disease
relapse in MSI-high cancer patients compared with
MSI-stable cancer patients after 12 months of fol-
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low-up; however, they did show an increased in re-
lapse during the first 12 months in patients with a
MSI-high status, which subsequently decreased after
years 2 and 3 from their procedure (5-year TTR esti-
mates of 0.82 for MSl-high vs. 0.66 for MSS patients (P
= 0.03).” This is a similar finding by Lin et al. in that
MSI-high is an independent favorable prognostic
factor for survival in colon cancer.?® Garcia and asso-
ciates found that MSI-low was an independent risk
factor for recurrent distant disease in Stage II and III
disease (HR 1.83; 95% CI 1.06-3.15).2 On the other
hand, in a retrospective review of 322 patients, MSI
status (combined with CpG island methylator phe-
notype (CIMP) was not associated with 3-year dis-
ease-free survival (P=0.33) after adjuvant FOLFOX in
Stage III disease.?> Therefore, while microsatellite sta-
bility should likely be tested in all tumors, it is yet to
be determined what its ultimate role will be in pre-
dicting recurrence, and how clinically this will be im-
plemented. One option may involve stratification of
intensive (MSl-low) versus standard (MSI-high) sur-
veillance strategy based on MSI status. Another future
use could involve the use of specific testing based on
MSI status. For example, as MSI-low has been associ-
ated with recurrent distant disease, whole body MRI
or PET/CT may be a component of surveillance for
that individual patient.

Metastasis-Associated in Colon Cancer |
(MACCI)

The metastasis-associated in colon cancer 1
(MACC1) gene has promising features: it is frequently
overexpressed in metastatic colon cancer, and ele-
vated levels of expression in the primary lesion are
associated with poor prognosis.?%3 MACC1 mRNA is
expressed in both primary colon cancer and colon
cancer metastases. MACC1 promotes tumor cell mo-
tility and invasion, which would then theoretically
lead to local-regional and systemic dissemination of
the disease. These observations have been extended
also to other cancer types, including lung adenocar-
cinomas, hepatocellular carcinomas, gastric carcino-
mas, and ovarian tumors.32-34 Isella et al. demonstrated
that low-MACC1 (good prognosis) patients had a
significantly lower recurrence rate (2 of 13; 15.4%)
than high-MACCI1 (poor prognosis) patients (35 of 51;
68.6%; P=0.01).%5 Moreover, the prognostic power of
MACCT1 expression seems to be unrelated to adjuvant
therapy (HR=6.5 in patients treated with adjuvant
therapy, HR=4.3 for patients not treated). This rein-
forces the notion that MACCI is a pure prognostic
indicator that could be exploited to inform rational
therapeutic decisions after surgical intervention. In
regards to rectal cancer, Kawamura ef al. also demon-
strated the poor prognostic characteristics associated

with high expression of MACC1. Specifically, MACC1
was associated with reduced relapse-free survival
when cutoff values above 0.261 were identified
amongst individuals followed for an average of 5
years.’¢ Ultimately, this biomarker could pave the
way for the inclusion of MACCI expression analysis
in a scoring system (including molecular, clinical, and
pathological features) that could help the clinician in
assigning aggressive, mild, or even non-adjuvant
regimens to resected patients.

Plastin3

Tumor cells can be shed and found to be circu-
lating within the peripheral circulatory system. These
are termed circulating tumor cells (CTCs). There are
multiple ways to identify these cells; however, the
current systems available may miss the cells in a
transition phase-- known as the epithelial - mesen-
chymal transition--a process through which these cells
lose some of the identifying characteristics that CTCs
possess.?” The Plastin3 gene is not repressed during
this transformation and therefore can be used to
identify those CTCs that are in transition. Plastin3
(PLS3) is located on chromosome Xq23 and functions
to polymerize actin fibers®. Yokobori et al showed
that patients with PLS3-positive CTCs in peripheral
blood had significantly shorter disease-free survival
than PLS3-negative patients. Multivariate analysis
showed that PLS3-positive CTCs in peripheral blood
are independently associated with poor prognosis
(HR =2.17; 95% CI = 1.38-3.40) and recurrence (HR =
2.32; 95% CI = 1.42-3.74).%° This finding is of utmost
importance, as it shows that early tumor cell dissem-
ination can be detected by the established PLS3 assay
and is relevant for the subsequent course of the dis-
ease in patients with CRC. The current belief is that if
patients with low recurrence rates can be detected by
PLS3 expression in peripheral blood, adjuvant chem-
otherapy for some patients may be unnecessary.
Conversely, this could serve as a marker for identify-
ing high-risk groups with node-negative disease that
may benefit from (but not normally receive) adjuvant
therapy.

Retinoic Acid-induced protein 3 (RAI3)

One of the many plasma membrane proteins
overexpressed in colon cancer, RAI3 represents a
novel biomarker that may have prognostic benefits.
Zougman and colleagues were able to confirm
through the use of immunohistochemistry that cyto-
plasmic RAI3 expression was significantly associated
with disease recurrence in Stage I-III patients. High
RAI3 expression was associated with a three-fold risk
of recurrence compared to patients with low expres-
sion [HR = 3.076; (95% CI = 1.738-5.445); P < 0.001].40
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With this, they concluded that simple and reproduci-
ble immunohistochemistry of cytoplasmic RAI3 ex-
pression could potentially separate colon cancer pa-
tients into high and low-risk groups.40 Similar to the
other genetic markers, this risk stratification can be
incorporated into algorithms for individualizing ad-
juvant therapy or surveillance protocols.

MicroRNA-29c

A mature microRNA (miRNA) is a small,
noncoding RNA that contains approximately 20 nu-
cleotides and can post-transcriptionally regulate the
expression of several target genes at same time.*! The
tumorogenesis of CRC involves multi-step genomic
changes, including the activation of oncogenes and
inactivation of tumor suppressor genes.#! Multiple
miRNAs have been suggested to play a role in the
development of cancers, including carcinogenesis,
progression, and recurrence.*2 Only a few studies
have investigated circulating miRNAs in patients
with CRC.41 4 Yang et al. looked at 107 patients with
Stage II and III CRC who did not undergo neoadju-
vant therapy, 56 of which were non-early relapse pa-
tients and 51 were early relapsed patients. They de-
fined early versus non-early relapse with recurrence
<1 year or greater than 1 year, respectively. Serum
samples were then collected and measured before
they received surgery. They found miRNA-29c¢ levels
were lower in the samples from early relapsed pa-
tients by 2-fold compared to that in samples of
non-early relapsed patients. They concluded that the
expression of miRNA-29c¢ is an independent predictor
for detecting the early relapse of CRC. The combina-
tion of results from Yang et al. in the realms of cellular,
animal, and human studies consistently indicate that
miRNA-29c exerts an anti-tumorogenesis effect, and it
may be a useful biomarker for the prediction of early
relapse in CRC patients after an operation.4##> As with
the previous biomarkers, miRNA-29¢ has the poten-
tial to identify high-risk CRC patients after radical
resection. This can ultimately result in an enhanced
surveillance regimen or even an intensive therapeutic
program for these patients.

Individual biomarkers may be the wave of the
future in regards to identifying the risk of recurrence;
however, this will ultimately become very inefficient
and likely expensive. Multigene assays can potentially
mitigate these obstacles and give a more reliable pre-
diction of recurrence to the patient and physician. One
such panel is the Oncotype DX Colon Cancer Recur-
rence Score (Genomic Health, Redwood City, CA).
This modality was developed by using tumor gene
expression data from 1,851 patients with resected co-
lon cancer in four independent trials.*¢ It has been
confirmed by multiple prospective trials and vali-

dated as a predictor of recurrence in patients with
stage II colon CA.#

The Recurrence Score (RS) obtained using On-
cotype DX is calculated using a quantitative reverse
transcriptase polymerase chain reaction assay that
measures the expression of 12 genes (seven recurrence
genes and five reference genes) in formalin-fixed par-
affin-embedded (FFPE) primary colon tumor tissue.*¢
The RS is determined by identifying specific changes
in tumor biology when unregulated. Six genes are in
specific biologic pathways: cell cycle control (MKI67,
MYC, MYBL2) and stromal response (FAP, BGN,
INHBA).#¢ The seventh gene is considered a marker of
genotoxicity (GADD45B) that may regulate the activ-
ity of the stromal response genes. Venook and col-
leagues used the 12-gene RS to show how it was sig-
nificantly associated with risk of tumor recurrence in
patients with Stage II colon cancer [HR=1.52 for a
25-unit increase in RS (95% CI, 1.09 to 2.12;
P=0.013)].48 They also demonstrated how the 12-gene
RS was prognostic for outcomes even when the usual
markers of clinical and pathologic factors are re-
moved, (i.e. T-Stage, number of nodes examined, and
grade).#

These biomarkers and multigene assays are clearly
the future of identifying recurrence in patients with
colon cancer. While they are novel today, it is im-
portant to recognize that with the extensive ongoing
research in this field, the individual markers may
soon be obsolete as more specific markers are identi-
fied. In reality, the assays available now use a rela-
tively small number of genes and markers. As tech-
nology progresses, so likely will the numbers of
available markers to further push the envelope when
it comes to both tailoring therapy and identifying
those patients who are at a much greater risk to recur.

Endoscopy for Recurrence

Imaging modalities such as
chest/abdominal/pelvis CT scans and MRI are the
standard recommendations for the follow-up evaluation
of colon cancer treatment. Colonoscopy is also a mo-
dality to detect intra-luminal recurrence, and fol-
low-up colonoscopy is currently the standard of care
for patients with a history of colon cancer. Novel
techniques have surfaced which are suggesting even
better detection rates than the standard white light
colonoscopic evaluation.

Chromoendoscopy

Chromoendoscopy is a diagnostic method in
which a chemical substance is sprayed onto the mu-
cosal surface of the gastrointestinal tract to highlight
specific areas or distinguish among different types of
epithelia (Figure 2).# One of the first, large prospec-

http://lwww.jcancer.org



Journal of Cancer 2014, Vol. 5

277

tive trials used vital staining with indigo carmine on
all visible lesions in 100 consecutive patients without
visible inflammatory changes. If findings on macro-
scopic examinations were unremarkable, the sigmoid
colon and rectum were stained with indigo carmine
over a defined segment (0-30 cm) and inspected for
lesions visible only after staining. Using this tech-
nique, 178 additional lesions in the sigmoid colon
were identified as being detectable only after dye
spray.>

Fuji intelligent chromoendoscopy (Fujinon) or
i-Scan (Pentax) utilizes the light reflected from the
intestinal mucosa, which is then modified by
‘post-processor computer algorithms’ that allow dif-
ferent enhancements of the vasculature, surface ar-
chitecture or tissue patterns. Although these tech-
niques provide accurate classification and differentia-
tion of colorectal polyps and neoplastic lesions, a clear
advantage in adenoma detection rate over chromo-
colonoscopy or high-resolution white light endoscopy
has not yet been shown.5! 52 If these technologies were
added to the surveillance algorithm in patients with
resected colon cancer, identifying a local recurrence
may be detected earlier and possibly even easier.

Autofluorescence imaging (AFI)

Autofluorescence imaging (AFI) endoscopy uses
short wavelengths of light to stimulate endogenous
substances, so called ‘fluorophores” in the tissue to
emit fluorescent light of a longer wavelength. Due to
different content of such fluorophores, normal and
neoplastic tissues differ in their autofluorescence
spectra. Whereas normal mucosa appears green, neo-
plastic areas are ‘flagged up’ in violet (Figure 3).5354
Interestingly, AFI does not detect hyperplastic polyps
as a clear magenta area.’> Based on this property, AFI
is expected to be used for discriminating colon neo-
plasms from non-neoplasms, which would be a clear
benefit for assessing the scar or staple line from a re-
cently resected colonic neoplastic process. However,
studies have not consistently demonstrated the supe-
riority of this method compared with high resolution
endoscopy alone, especially for detection of colonic
dysplasia.>* Thus, AFI guided biopsies are not cur-
rently able to replace random biopsies during sur-
veillance endoscopies, but may be in the future as the
technology evolves.

Confocal Laser endomicroscopy (CLE)

Confocal Laser endomicroscopy (CLE) is a tech-
nique that offers in-vivo imaging of the mucosal layer
at cellular and subcellular resolutions without the
fixation artifacts one experiences with histological
specimens. In this system, fluorescent dyes are ap-

plied either locally or systemically, and subsequently
excited by a low-power laser. The intensity of the
fluorescent energy is then captured as an image.
Studies have shown the high accuracy (96.7%) with
which CLE allows differentiation from low-grade to
high-grade intra-epithelial colorectal neoplasia.
Moreover, chromoendoscopy together with targeted
CLE is able to increase the diagnostic yield of in-
tra-epithelial neoplasia by 4.75-fold (P = 0.005).5657
Unfortunately, several factors are currently working
against CLE, one of which includes the cost of a CLE
unit and questionable reimbursement rates. As CLE is
relatively new, the concept that a histologic specimen
is not needed remains theoretical. Most endoscopists
will still remove tissue to confirm diagnosis rather
than potentially leave cancer behind. Once better re-
sults are confirmed through trials adoption of this
technique may occur.

In summary, endoscopy is an essential compo-
nent to post-resection colorectal cancer to diagnosing
and excluding intra-luminal recurrence. It makes
sense that if we are able to identify a recurrence earlier
due to advances of technology, potentially this will
allow earlier re-intervention, and overall survival will
be improved. The techniques described are currently
in the niche-use or testing stages, and yet to be scruti-
nized with randomized controlled trials. The benefit
of these new technologies is not necessarily their in-
dividual use, but their combination which increases
the ability to detect early recurrence during surveil-
lance. Imagine one scope in which all the aforemen-
tioned mucosal and video enhancements are available
to the endoscopist. Finally, as with all technologies,
cost remains a significant barrier in the early stages
until competition or another breakthrough becomes a
factor to drive down prices. As long as identifying
recurrence is the goal, novel technologies will help to
push surgeons and endoscopists to move closer to
identifying recurrent cancers as early as possible.

Table I. Emerging Tools to Detect Tumor Recurrence.

Clinical Labs Endoscopy
Adjuvant! Online CEA Chromoendoscopy
MSKCC RAI3 AFI

MACC1 CLE
BBN MSI

Plastin3

miRNA

OncotypeDx

MSKCC - Memorial Sloan Kettering Colon Cancer, BBN - Bayesian Belief Network,
AFI - Autofluorescence imaging, CLE - Confocal Laser Endoscopy, CEA - Carci-
noembryonic antigen, RAI3 - Retinoic Acid-induced protein 3, MACC1 - metastasis
associated in colon cancer 1, MSI - Microsatellite Instability, miRNA - Micro RNA
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Figure 1. A 12-month Bayesian Belief Network. Each box in the figure represents a feature within the study data set, the edges represent patterns of
dependence between features. This allows an estimate of mortality based on the different combinations. ® (With Permission, Springer Publishing)

(b)

i 4

Figure 2. Indigo carmine chromoendoscopy showing mucosal alteration in the sigmoid: (a) before staining and (b) after staining.*” (With permission
Oxford University Press).

(A) (B)

Figure 3. High Resolution Endoscopy (A) and Auto Fluorescence Imaging (B) of a flat and depressed type of colon cancer with submucosal invasion not
seen on HRE. ** (With Permission, InTech Publishing).

http://lwww.jcancer.org



Journal of Cancer 2014, Vol. 5

279

Conclusion

Assessment of tumor recurrence is an integral

part of this long-term survival and plays a pivotal role

in the

selection of those that will undergo

re-intervention or adjuvant therapy and those that
should not. The role of chemotherapy regimens, ge-
nomic databases/biomarkers, and imaging modali-
ties, are the most widely discussed topics in the liter-
ature right now. There is great hope that these inno-
vations will soon be at the disposal of those physi-
cians who treat these patients on a daily basis.
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