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Abstract
While the most significant prognostic and predictive marker in the management of colorectal
cancer patients is cancer cells in regional lymph nodes, approximately 30% of patients whose
lymph nodes are ostensibly free of tumor cells by histopathology ultimately develop recurrent
disease reflecting occult metastases. Molecular techniques utilizing highly specific markers and
ultra-sensitive detection technologies have emerged as powerful staging platforms to establish
prognosis and predict responsiveness to chemotherapy in colorectal cancer patients. This review
describes the evolution of the tumor suppressor GUCY2C as a prognostic and predictive
molecular biomarker that quantifies occult tumor burden in regional lymph nodes for staging
patients with colorectal cancer.
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Clinicopathologic staging continues to be the most significant prognostic marker of survival
and predictive marker of therapeutic response in cancer patient management. However, this
staging paradigm is imperfect, and identification of patients who will develop disease
recurrence or who could benefit from adjuvant chemotherapy remains an unachieved goal in
most cancers [1–4]. The development of technology platforms that query genomic
information and postgenomic function has provided novel diagnostic markers and
therapeutic targets with the potential to personalize prevention, detection and, ultimately, the

*Author for correspondence: Tel.: +1 215 955 6086, Scott.Waldman@jefferson.edu.

For reprint orders, please contact: reprints@futuremedicine.com

Financial & competing interests disclosure
This work was supported by funding from the NIH (CA75123, CA95026, CA112147, CA146033), Targeted Diagnostic &
Therapeutics, Inc., and the Pennsylvania Department of Health. The Pennsylvania Department of Health specifically disclaims
responsibility for any analyses, interpretations or conclusions. JP Gong was enrolled in the NIH-supported institutional K30 Training
Program In Human Investigation (K30 HL004522) and was supported by NIH institutional award T32 GM08562 for Postdoctoral
Training in Clinical Pharmacology. SA Waldman is the Samuel MV Hamilton Endowed Professor. SA Waldman is the Chair
(uncompensated) of the Scientific Advisory Board of Targeted Diagnostics and Therapeutics, Inc., which provided research funding
that, in part, supported this study and which has a license to commercialize inventions related to this work, and the Chair of the Data
Safety and Monitoring Committee for the C-Cure Trial sponsored by Cardio3 (Belgium). The authors have no other relevant
affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject
matter or materials discussed in the manuscript apart from those disclosed.
No writing assistance was utilized in the production of this manuscript.

NIH Public Access
Author Manuscript
Biomark Med. Author manuscript; available in PMC 2013 April 01.

Published in final edited form as:
Biomark Med. 2012 June ; 6(3): 339–348. doi:10.2217/bmm.12.24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cure of cancer [5–8]. Despite this scientific progress, the translation of the products of the
new biology into clinical algorithms for patient care has lagged, reflecting the absence of the
foundational evidence defining these emerging technologies in diagnostic and therapeutic
management guidelines [9–11]. Using colorectal cancer as a model, this review will
examine the utility of molecular staging tools for clinical prognosis and prediction to
personalize patient management. Specifically, the utility of molecular staging using the
tumor suppressor GUCY2C as a biomarker for quantifying occult metastases in lymph
nodes, predicting disease recurrence and identifying patients who might benefit from
therapy will be explored.

Colorectal cancer
Colorectal cancer is the fourth most common malignancy, with approximately 150,000 new
cases each year, and the third most common cause of cancer death [12]. It produces
approximately 10% of cancer mortality in the USA, and death from colorectal cancer
approaches approximately 50% [12–14]. Mortality reflects metastatic disease;
approximately 20% of patients with colorectal cancer have unresectable metastases at
diagnosis, while ≥30% of patients will develop metastases during their illness [1,4,13,14].
Surgery is the treatment with the greatest influence on survival. However, while surgery
excises all obvious tumor, occult metastases produce recurrence and death [12–18]. Disease
recurrence occurs in approximately 10% of patients whose tumors are confined to the
mucosa (stage I) and to more than 50% of patients whose tumors exhibit metastases to
regional lymph nodes (stage III) [12–18].

Staging & prognosis
Tumor cells in regional lymph nodes are the most important prognostic marker of survival in
colorectal cancer because they indicate the potential presence of distant metastases
undetected by conventional methods [1,4,12–15,18–23]. Although staging by histopathology
continues to be the standard, imprecision reflects inherent methodological limitations
[4,13,23]. Histology has limited sensitivity, detecting as few as one cancer cell in 200
normal cells [24]. In addition, microscopy reviews <0.01% of available tissue thus
producing a sample error since >99.9% of each tissue specimen is not examined [1,4,24].
The clinical impact of restrictions from microscopy can best be appreciated by considering
the rate of recurrence of cancer. Stage I and II disease, limited to the bowel wall without
involvement of regional lymph nodes (pN0), should be completely cured by surgery, but
10% of stage I and 30% of stage II patients develop recurrent disease [4,13,14,23]. Stage III
patients with metastatic tumor cells in regional lymph nodes experience recurrence at a rate
of up to 70% [13,14]. Differences in recurrence rates in patients with stage I and II disease
reflect their heterogeneity: some are truly node-negative while others have stage III or IV
disease that is inaccurately staged by histopathology [1,4,13,20,25–27].

Staging & therapeutic prediction
In colorectal cancer, stage also predicts which patients will benefit from adjuvant
chemotherapy. Indeed, adjuvant chemotherapy improves survival of stage III colon cancer
patients, increasing time-to-recurrence by up to 40% and overall survival by up to 30%
[15,19,28–34]. Furthermore, new biologically-targeted therapies, including monoclonal
antibodies directed at mechanism-based molecular signaling components, including VEGF
and EGF receptors, has increased 5-year median and overall survival in patients with
metastatic disease from 7 to ≥30% [35]. However, the advantage of adjuvant
chemotherapies in patients with pN0 colorectal cancer remains unclear, with only small
improvements in survival in some, but not all, trials [13–15,18,19,21,22,36]. This unclear
treatment benefit is reflected in modern treatment paradigms, some of which advocate
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adjuvant chemotherapy for patients with poor clinicopathologic features including
lymphovascular invasion, extension into the bowel wall, or penetration into surrounding
anatomical structures [18,37–39]. Unpredictable responses to chemotherapy in pN0 patients
probably reflects heterogeneity in occult nodal metastases [1,4, 20,23,40–42]. Methods that
detect those metastases can identify pN0 patients who could benefit from chemotherapy
[15,35].

Molecular staging paradigms
Histopathology remains the most significant staging paradigm for patients with colorectal
cancer, reflecting a relationship between nodal cancer cells, prognosis and prediction
[1,4,12–15,18–22]. However, histopathology underestimates metastases in specimens;
approximately 70% of nodes with metastases have nests of tumor cells below 0.5 cm, which
escape observation [4,13,14,23]. Beyond histopathology, emerging platforms for molecular
staging that pair disease biomarkers with a detection technology such as quantitative reverse
transcriptase-PCR (RT-qPCR) provide a system for the sensitive detection of metastases
[4,23]. Molecular staging interrogates the entire specimen, eliminating sampling errors, and
can detect one tumor cell in approximately one million normal cells, providing unsurpassed
sensitivity [4,23]. The utility of these molecular approaches for staging patients has
remained unclear, reflecting studies with insufficient patient cohorts, inadequate longitudinal
follow-up and analytic paradigms that were not appropriately validated [1–4]. However,
meta-analyses suggest that these emerging molecular platforms provide a distinct advantage
for staging patients with colorectal cancer [1,4,20,27,42,43].

GUCY2C
GUCY2C is a novel tumor suppressor

GUCY2C is one of the family of enzyme receptors synthesizing cGMP from GTP. This
protein is selectively expressed by intestinal epithelial cells [44–53]. GUCY2C is the
receptor for the paracrine hormones uroguanylin and guanylin produced in the small
intestine and colon, respectively. Their binding to the extracellular domain of GUCY2C
activates the intracellular catalytic domain, producing cGMP [49,52,54–60]. GUCY2C
regulates epithelial cell proliferation, DNA damage repair, and metabolic programming
regulating homeostasis along the crypt-surface axis [61–73]. Interestingly, guanylin and
uroguanylin are the most commonly lost gene products in intestinal carcinogenesis [74–78].
Indeed, eliminating GUCY2C signaling increases tumors in mouse models of genetic and
carcinogen-based carcinogenesis, reflecting dysregulation of proliferation and chromosomal
instability [64]. Thus, GUCY2C is a tumor suppressor regulating homeostasis along the
crypt-surface axis whose silencing, reflecting paracrine hormone loss, contributes to
colorectal carcinogenesis [62–65,69].

GUCY2C is a biomarker for metastatic colorectal cancer
GUCY2C exhibits expression characteristics that make it useful as a biomarker of colorectal
cancer metastases in extra-intestinal tissues. GUCY2C has been identified in all samples of
normal intestine, but not in extra-gastrointestinal parenchyma, including the lung and liver
[40,43,45,46,54]. In addition, GUCY2C has been identified in nearly all human colorectal
tumors, regardless of anatomical location or grade, but not in extragastrointestinal
malignancies [40,43,45,46,54,77,79–82]. Moreover, GUCY2C is overexpressed by most
colorectal tumors compared with normal intestinal epithelial cells [79,83,84]. Paradoxical
overexpression of the GUCY2C tumor suppressor by primary and metastatic colorectal
cancer reflects universal loss of guanylin and uroguanylin expression, silencing paracrine
signaling cascades producing receptor super-sensitization. Expression is normally
selectively restricted to intestinal epithelial cells, but universal overexpression by metastatic
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cancer cells underscores the utility of GUCY2C as a biomarker of occult metastases in
lymph nodes of colorectal cancer patients being staged [42].

Detection of clinically significant occult nodal metastases using GUCY2C RT-qPCR
Retrospective studies suggested that GUCY2C RT-PCR identified occult nodal metastases
related to clinical outcomes in colorectal cancer patients [43]. These preliminary studies
provided support for an adequately powered prospective blinded multicenter clinical trial of
the utility of GUCY2C, detected by RT-qPCR, to identify clinically significant occult nodal
metastases. Thus, 257 stage 0–II pN0 colorectal cancer patients were enrolled at one of
seven academic medical centers and two community hospitals in the USA and Canada [42].
Lymph nodes were dissected from fresh colon and rectum specimens, and half of each was
used for histopathology, while the other half was used for molecular analysis by GUCY2C
RT-qPCR. Remarkably, ≥85% of patients with histologically-negative lymph nodes
harbored occult metastases in at least one lymph node detected by molecular staging [42].
These analyses revealed that, surprisingly, most patients considered free of metastases by
histopathology have occult disease in regional lymph nodes. In that context, 20.9% (95% CI:
15.8–26.8) of patients with, but only 6.3% (95% CI: 0.8–20.8) of patients without, occult
nodal metastases developed disease recurrence (p = 0.006) [42]. Indeed, occult metastasis
detected by molecular staging was associated with poorer prognosis and reduced disease-
free survival in both stage I and II patients and in patients with colon and rectal cancers [42].
Importantly, in patients with occult metastases, time to recurrence and disease-free survival
were nearly identical to those of patients with stages IIIA and IIIB disease, underscoring the
ability of this molecular platform to accurately stage patients [42]. Multivariate analyses
revealed that molecular staging provided a powerful independent marker of risk, and
patients with occult metastases had shorter times to recurrence and reduced disease-free
survival [42]. This prospective study is the first to provide level 1 evidence for the utility of
molecular staging of lymph nodes to personalize individual prognostic risk in cancer,
employing an adequately powered, blinded, prospective multicenter clinical trial design [3].
Indeed, the absence of evidence employing this rigorous study design has been an essential
element restricting the translation of molecular diagnostics into clinical management
algorithms that personalize prognostic risk stratification and therapeutic response prediction
[1,4]. Moreover, this approach employing GUCY2C RT-qPCR to detect occult lymph node
metastases to stage patients with colorectal cancer has been independently validated across
laboratories, operators and technology platforms [85–87].

Quantity of occult metastatic tumor cells across the regional lymph node network is a
prognostic marker of risk in pN0 colorectal cancer

Although a high proportion of pN0 patients harbor occult metastases according to GUCY2C
RT-qPCR, most pN0 patients will not undergo recurrence [13,88,89]. Reconciliation of this
apparent inconsistency relies on the recognition that the categorical (yes/no) presence of
nodal metastases does not assure recurrence but, rather, indicates risk. Uncertainty of the
clinical significance of nodal metastases can best be appreciated by considering that only
approximately 50% of stage III patients develop recurrent disease although all have visible
nodal metastases by histopathology [13,88,89]. The uncertainty of the clinical significance
of occult nodal metastases highlights the limitations of qualitative RT-PCR generally, and
GUCY2C RT-qPCR specifically, for categorical (yes/no) identification of occult metastases
[4]. The superior sensitivity of qualitative RT-PCR, with its optimum tissue sampling and
capacity for single-cell discrimination, identifies occult metastases below the threshold of
prognostic risk [4,13,23,42], limiting the specificity of molecular staging. Indeed, this
capacity for single-cell discrimination increases the sensitivity of this approach to false-
positive signals resulting from contamination of biospecimens with normal intestinal
epithelial or colorectal cancer cells.
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There is an emerging paradigm that goes beyond the categorical (yes/no) presence of tumor
cells, to quantify occult metastatic tumor burden (how much) across the regional lymph
node network to define tumor behavior and disease risk. This paradigm has its origins in,
and builds upon, two established concepts in histopathology. Thus, there is a quantitative
relationship between prognostic risk and number of nodes harboring tumor cells by
histology, where stage III patients with at least four involved nodes exhibit a recurrence rate
greater than those with three or less involved nodes [13,88,89]. In addition, there is a
quantitative relationship between the volume of cancer cells in individual nodes and
prognostic risk, and metastases ≥0.2 cm are associated with increased disease recurrence
while the relationship between individual tumor cells or nests <0.02 cm and risk remains
undefined [13,88,89]. The emergence of RT-qPCR provides a unique opportunity to
quantify occult tumor burden to assign prognostic risk and predict therapeutic benefit [3,90].
Quantitative measures of GUCY2C expression provide a molecular analog of morphological
assessment of metastatic volumes in lymph nodes. This molecular quantification augments
2D morphology by quantifying metastases in a large volume of tissue, rather than a thin
section, and in all available lymph nodes to estimate occult tumor burden across the regional
lymph node network.

To examine the quantitative relationship between occult nodal metastases, clinical tumor
behavior and prognostic risk, we designed analytic paradigms to explore the association of
occult tumor burden, quantified by GUCY2C RT-qPCR, with outcomes in colorectal cancer
patients [42,90]. The relationship of clinical outcomes (time to recurrence, disease-free
survival) and prognostic indicators, including occult tumor burden, was established by
statistical analytic paradigms integrating recursive partitioning with Cox models [90]. This
analysis revealed that 176 (60%) patients harbored low tumor burden (MolLow), and 172
(40%) remained free of disease (recurrence rate 2.3% [95% CI: 0.1–4.5]). Furthermore, 90
(31%) patients had intermediate tumor burden (MolInt) and 30 (33.3% [95% CI: 23.7–44.1])
developed recurrent disease. Moreover, 25 (9%) patients demonstrated high tumor burden
(MolHigh), and 17 (68.0% [95% CI: 46.5–85.1]) developed recurrent disease (p < 0.001).
This analysis demonstrated that molecular tumor burden was an independent prognostic
marker and MolInt and MolHigh patients experienced a graded risk of earlier time-to-
recurrence (MolInt, adjusted hazard ratio [HR]: 25.52 [95% CI: 11.08–143.18]; p < 0.001;
MolHigh, HR: 65.38 [95% CI: 39.01–676.94]; p < 0.001) and reduced disease-free survival
(MolInt, HR: 9.77 [95% CI: 6.26–87.26]; p < 0.001; MolHigh, HR: 22.97 [95% CI: 21.59–
316.16]; p < 0.001). These observations provide a striking enhancement over the use of
GUCY2C as a categorical (yes/no) marker, where 88% of patients were GUCY2C-positive
and exhibited a recurrence risk of 20% [42]. They highlight the unique clinical opportunity
to utilize occult tumor burden as a diagnostic marker to assign risk in patients with pN0
colorectal cancer. Identification of cohorts (MolHigh) of pN0 patients with a mortality risk
equivalent to patients with stage IV disease with disseminated metastases underscores the
prognostic value of quantitative occult tumor burden analysis [90]. Moreover, it is tempting
to speculate that patients with the greatest occult tumor burden might benefit from therapy.
Indeed, occult tumor burden as a marker that discriminates clinically important from
unimportant metastases may represent a paradigm shift in staging.

Racial disparities in stage-specific outcomes reflect differences in occult tumor burden
Despite decreasing mortality from colon cancer, reflecting advances in screening and
therapy, there is a widening racial gap in incidence and survival [91–93]. There is
approximately 20% greater incidence of, and approximately 40% higher mortality from,
colon cancer in black, compared with white, patients [91–94]. Disparities in outcomes
reflect advanced stage at diagnosis, socioeconomic differences and differences in therapeutic
management [93–99]. Beyond these factors that influence overall outcomes, there are racial
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disparities in stage-specific outcomes [93,95,97,100]. Paradoxically, the greatest disparities
in outcomes occur in early-stage disease, with approximately 40% excess mortality in blacks
with pN0 colon cancer. These stage-specific disparities do not appear to principally reflect
socioeconomic status, access to medical care, or cultural-specific customs [93,95,97,100].
Rather, they could reflect a contribution of a higher incidence and quantity of occult
metastases in nodes [93,97].

In that context, prospective evaluation of the utility of GUCY2C to detect occult metastases
in lymph provided a unique opportunity to explore the racial distribution of occult tumor
burden and its association with prognostic risk in colorectal cancer [42,101]. Analysis of
GUCY2C expression in this cohort revealed a fourfold greater level of categorical occult
metastases in individual nodes in 23 black patients compared with 259 white patients (p <
0.001; 95% CI: 3.3–6.7). Occult tumor burden across the regional lymph node network
stratified the entire cohort into categories with low (60%; recurrence rate = 2.3% [95% CI:
0.1–4.5]), intermediate (31%; recurrence rate = 33.3% [95% CI: 23.7–44.1]), and high (9%;
recurrence rate = 68.0% [95% CI: 46.5–85.1]; p < 0.001) risk. Multivariable analysis
revealed that race (p = 0.02), tumor stage (p = 0.02) and number of lymph nodes collected
for histology (p = 0.003) were independent prognostic markers. Black patients, compared
with white patients, were more likely to harbor levels of occult tumor burden associated with
the highest risk (adjusted odds ratio = 5.08 [95% CI: 1.55–16.65]; p = 0.007). These
analyses highlight the utility of occult tumor burden quantified by GUCY2C RT-qPCR as a
marker of tumor metastases that estimates prognostic risk contributing to racial disparities in
stage-specific outcomes in colorectal cancer [101]. Beyond prognostic risk, they suggest that
if occult tumor burden predicts therapeutic benefit, it represents a detect–treat paradigm that
could reduce racial disparities in mortality in colon cancer.

Future perspectives
To date, the most powerful indicator of prognosis and response to adjuvant chemotherapy in
colorectal cancer is the identification of cancer cells in lymph nodes by histopathology
[1,4,12–15,18–22]. Despite its central position in all staging paradigms, approaches to
detecting lymph node metastases are inadequate. Up to 30% of patients with node-negative
colon cancer succumb to disease recurrence, associated with occult metastases in lymph
nodes undetected by conventional methods [1,4,13,14,20,23,40,41,102]. There is an unmet
clinical need for new approaches to more precisely evaluate tumor metastases in regional
lymph nodes in colon cancer patients. Recently, a blinded, multicenter prospective study
demonstrated the utility of molecular staging to detect occult tumor metastases in regional
lymph nodes to predict risk of disease recurrence [42]. Categorical occult tumor metastases,
defined by molecular staging, was a powerful independent marker of risk of disease
recurrence [42]. Furthermore, occult tumor burden across the regional lymph node network
stratified pN0 patients into cohorts with low, intermediate and high risk [90]. Moreover,
differences in occult tumor burden contribute to racial disparities in stage-specific outcomes
in colon cancer [101]. This prospective clinical trial represents the first level I evidence
supporting the importance of occult metastases in regional lymph nodes in defining
prognostic risk in patients with colon cancer. These data establish a framework for the
application of molecular staging in lymph nodes for personalized prognostic risk assessment
in patients with cancer.

While these observations are a beginning, their translation into useful staging tools in cancer
will require considerable analyses in the future. These results will require confirmation in an
independent cohort of patients with colorectal cancer, consistent with the emerging learn–
confirm paradigm in biomarker translation, in which integration into patient management
algorithms requires validation in independent populations [103–110]. Beyond prognosis,
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there is an established association between metastases in regional lymph node and the
efficacy of chemotherapy in patients with colorectal cancer. While adjuvant chemotherapy
improves clinical outcomes in stage III patients, its impact on survival in pN0 patients
remains unclear [13–15,18,19,21,22,36]. This heterogeneity of therapeutic benefit in node-
negative patients may in part reflect the inherent inaccuracy of staging by histopathology
[1,4,20,23,40–42]. By contrast, molecular staging has identified node-negative patients with
a prognostic risk profile that closely matched stage III patients, a cohort that derives benefit
from adjuvant chemotherapy [42,90,101]. These observations suggest that pN0 patients who
harbor occult metastases detected by molecular staging could also benefit from adjuvant
chemotherapy. In the future, studies will examine whether occult lymph node metastases
defined by molecular staging predicts chemotherapeutic efficacy. These studies will assess
if, in patients with occult metastases in regional lymph nodes identified by molecular
staging, those treated with chemotherapy have improved clinical outcomes compared with
those who are followed without treatment.

Beyond application to patients with pN0 colon cancer, occult tumor burden quantified by
GUCY2C RT-qPCR is also applicable to prognosis and prediction in patients with stage III
colon cancer, in which approximately 50% of patients with visible metastases remain free of
disease recurrence. Similarly, these principles can be applied to rectal cancer patients, in
which GUCY2C also identifies clinically significant occult metastases [42]. Furthermore,
occult tumor burden may be extended to esophageal and gastric adenocarcinoma, which
ectopically express GUCY2C, reflecting epithelial transformation involving intestinal
metaplasia [79,111]. Moreover, this diagnostic paradigm may offer prognostic and
predictive solutions to other populations beyond African–Americans with identical stage-
specific racial disparities in pN0 colorectal cancer, including Hispanics, Mexicans and
Hawaiians [95].

Evolving genomic platforms provide a rich source of prognostic and predictive information
about primary tumors that can enhance staging algorithms, optimizing outcomes that drive
patient management. Analyses of primary tumors to define gene expression and epigenetic
profiles, disease-associated mutations in oncogenes or tumor suppressors and metabolomic
and proteomic signatures that individualize assessments of recurrence risk, responses to
adjuvant chemotherapy, and biologically-targeted treatments are enhancing the prognostic
and predictive management of cancer patients [112–116]. However, defining the prognostic
and predictive character of primary tumors by molecular analyses may be most relevant in
the context of whether tumors have metastasized. A primary tumor with a molecular
signature suggesting a poor prognosis might represent less risk to the patient if that tumor
was completely resected at the time of surgery, before metastases occurred. This relationship
between molecular signatures of risk in primary tumors, resection and metastases may
underlie the observation that, to date, molecular signatures have had only an indeterminate
impact on the management of patients with cancer [117,118]. Thus, emerging technology
platforms defining prognosis and prediction for clinical management employing molecular
analyses of primary tumors might produce the greatest benefit when applied to patients
harboring occult nodal metastases, rather than to those free of metastatic disease. Here,
molecular staging offers a unique opportunity to prioritize complex and expensive molecular
analyses of primary tumors to optimize cost-effective patient management [42]. In the
future, trials will examine the applicability of reflexed analytical paradigms in which all
histologically node-negative patients undergo molecular staging, to determine whether there
is clinically important occult lymph node metastases, followed by further molecular testing
of primary tumors only for patients at increased prognostic risk, to identify therapies
personalized to the biology of their individual malignancies [119].
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It is important to consider that RT-qPCR is an evolving technical platform that primarily
remains the domain of centralized specialty laboratories and has not yet been broadly
distributed to most academic and community medical centers. These realities raise the
important question concerning limitations to implementation of molecular staging as a
clinical standard central to practice guidelines. In that regard, molecular diagnostics is an
emerging $14 billion dollar business, which is increasing at a rate exceeding 10% annually
[120,121]. Indeed, the number of esoteric molecular diagnostic tests approved by the FDA
each year is growing aggressively, from 72 in 2006 to 134 in 2009. Additionally, the number
of home-brew molecular diagnostic tests, developed in individual laboratories, was in excess
of 1400 in 2009. These considerations suggest that molecular diagnostic tests, including
molecular staging, available to clinicians and patients will grow in number. In the near-term,
central laboratory performance sites provide the depth of experience and validated
technology platforms that align with requirements for FDA regulatory performance and
Centers for Medicare and Medicaid Services reimbursement. They will ultimately support
the most informative approaches to incorporate molecular staging paradigms into patient-
centered algorithms for disease management.
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Executive summary

Colorectal cancer staging: prognosis & therapeutic response prediction

• The most important prognostic and predictive marker for staging colorectal
cancer is the presence of tumor cells in regional lymph nodes.

• The gold standard for evaluating lymph nodes for the presence of tumor cells is
histopathology.

• Histopathology has technical limitations, including sampling error and restricted
sensitivity, detecting one cancer cell in 200 normal cells.

• These limitations are reflected in the under-staging of node-negative (pN0)
patients, of which 30% develop recurrent disease.

Molecular staging paradigms

• Staging can be performed by quantifying the expression of specific disease
biomarkers by quantitative reverse transcriptase-PCR (RT-qPCR).

• RT-qPCR overcomes sampling issues inherent in histopathology by
interrogating the entire available specimen.

• RT-qPCR enhances the sensitivity of detection, with the ability to detect one
cancer cell in one million normal cells.

GUCY2C

• GUCY2C is a tumor suppressor universally involved in intestinal tumorigenesis.

• GUCY2C is selectively expressed in intestinal epithelial cells.

• GUCY2C is universally overexpressed by primary and metastatic colorectal
cancer cells regardless of their anatomic location or differentiation state.

• GUCY2C is not expressed by other tumors originating outside the GI tract.

• These characteristics support GUCY2C as a highly specific marker of metastatic
colorectal cancer cells in extraintestinal tissues.

Detection of clinically significant occult nodal metastases using GUCY2C RT-qPCR

• A prospective, blinded multicenter clinical trial explored the utility of GUCY2C
RT-qPCR for detecting occult metastases in pN0 colorectal cancer patients.

• More than 80% of pN0 colorectal cancer patients harbor occult metastases in at
least one lymph node as detected by GUCY2C RT-qPCR.

• Patients whose lymph nodes were free of occult metastases had favorable
prognostic characteristics, including a low (6%) rate of recurrence, prolonged
time-to-recurrence, and extended disease-free survival.

• Conversely, patients whose lymph nodes harbored occult metastases had
unfavorable prognostic characteristics, including a high (21%) rate of
recurrence, shortened time-to-recurrence and restricted disease-free survival.

Quantity of occult metastatic tumor cells across the regional lymph node network is
a prognostic marker of risk in pN0 colorectal cancer

• Beyond the categorical detection of occult metastases (yes/no), the quantitative
capabilities of RT-qPCR offer an unprecedented opportunity to estimate the
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amount of occult tumor burden resident across the regional lymph node network
and enhance the sensitivity and specificity of molecular staging.

• Occult tumor burden stratified patients into cohorts of low-, medium- and high-
risk. Low-risk patients represented 60% of the population and exhibited a risk of
recurrence of approximately 2%. By contrast, high-risk patients represented 9%
of the population and exhibited a risk of recurrence of approximately 70%.

• Differences in occult tumor burden contribute to racial disparities in clinical
outcomes in pN0 colon cancer in African–American and Caucasian patients.

Conclusion & future perspective

• Validation in independent populations is required for analytical confirmation.

• This approach can be extended to other populations beyond pN0 colon cancer
patients including those with stage III colon cancer, rectal cancer, esophageal
adenocarcinoma and gastric cancer, all of which express GUCY2C.

• This approach can be extended to other racial cohorts with established
disparities in colorectal cancer, including Hispanics, Mexicans and Hawaiians.

• This approach has the potential to identify pN0 patients who could benefit from
adjuvant chemotherapy.

• This approach can complement and enhance molecular analyses of primary
tumors to provide the greatest prognostic and predictive information to guide the
clinical management of colorectal cancer patients.
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