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Despite all efforts, cancer still remains a principal cause of death
worldwide. In 2008, cancer claimed 7.6 million lives (~13% of all human
deaths), and this number is expected to pass 13 million in 2030 (Jemal et
al.,, 2011). According to the World Health Organization, however, at least
30% of these deaths are preventable (Esmaeilsabzali et al., 2013). In
majority of cases, it is not the primary tumor but its spread to distant organs
that eventually compromises the function of the host organ and is associated
with mortality. For instance, the average 5-year survival rate for patients
with localized and metastatic prostate cancers is 100% and 28%,

respectively (American Cancer Society, 2013).

A typical cancerous tumor contains millions or even billions of cells
harboring genetic mutations driving them to grow, divide, and invade the
local tissue in which they’re embedded. However, as the cells proliferate,
they don’t all stay in the neighborhood. Some cells slough off the edges of a
tumor and are swept away by the bloodstream or lymphatic system. These
so-called circulating tumor cells (CTCs) can remain loose in circulation,
cluster together as they travel, or lodge themselves in new tissues. Whatever
their path, their common origin means that CTCs hold information about a
tumor, information that researchers think could be key to cancer diagnosis or

treatment (Williams 2013).

Bone Marrow (BM) appears to be a common homing organ for
Disseminated Tumor Cells (DTCs) derived from carcinomas of different
organs; it also might be a reservoir for DTCs with the capacity to reenter

other distant organs (Pantel, and Brakenhoff, 2004). Minimal residual
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disease (MRD; i.e., the presence of DTCs) is undetectable by high-resolution
imaging technologies; however, DTCs can now be identified in the BM,
lymph nodes, or circulating blood with sensitive and specific assays (Pantel

et al., 2009).

For the follow-up of patients with cancer, sequential analyses are
pivotal. Because BM needle aspiration is far more invasive than sampling
peripheral blood, research groups are currently evaluating the clinical utility
of testing for tumor cells in the blood instead of the BM to assess prognosis

and monitor systemic therapy (Pantel et al., 2009).

Since they were first described by Thomas Ashworth in 1869, the
presence of circulating tumor cells (CTCs) has been suggested to be
associated with cancer by various early studies (Ashworth, 1869; Carey et
al., 1976; Myerowitz et al., 1977; Gallivan, and Lokich, 1984). Although
epithelial CTCs were first described well over 100 years ago (Ashworth,
1869), only recently has CTC enumeration been shown to be clinically
useful as a prognostic biomarker in epithelial malignancies (Harouaka et

al., 2014).

The detection and molecular characterization of circulating tumor
cells (CTCs) are one of the most active areas of translational cancer
research, with more than 400 clinical studies having included CTCs as a
biomarker. The aims of research on CTCs include (a) estimation of the risk
for metastatic relapse or metastatic progression (prognostic information), (b)
stratification and real-time monitoring of therapies, (c) identification of

therapeutic targets and resistance mechanisms, and (d) understanding
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metastasis development in cancer patients (Alix-Panabiéres, and Pantel,

2013).

Several systems have been developed for isolation and
characterization of CTCs from blood samples including the FDA approved
CellSearch platform (Hughes, and King, 2012; Yu et al., 2011). Using
these platforms, CTCs have been isolated from blood samples of patients
with a variety of tumors including head and neck (Nichols et al., 2011),
breast (Swaby, and Cristofanilli, 2011), lung (O’Flaherty et al., 2011),
colorectal, gastric, pancreatic (Takeuchi, and Kitagawa, 2010), renal cell,

urinary bladder, and prostate cancers (Kruck et al., 2011).

Many studies have showed significant correlation between higher
CTC counts and shorter overall survival (CTC counts above a known
threshold are a prognostic marker and predictor of patient outcome) in
patients with metastatic breast (Cristofanilli et al., 2004; Hayes et al.,
2006), lung (Miller et al., 2010), prostate (Danila et al., 2007; De Bono et
al., 2008), and colon cancer (Cohen et al., 2008).

Based on these clinical trials, the US Food and Drug Administration
(FDA) cleared the CellSearch technology (Veridex, LLC, Raritan, NJ, USA)
for CTC enrichment and enumeration for the above four indicated cancers.
The success of CellSearch proves that enumeration of CTCs is indeed a
surrogate for active disease and that increased CTC numbers are predictive
of worse prognosis. In comparison to traditional metastatic tissue biopsy,
isolation of CTCs offers numerous advantages: collection of peripheral

blood is easy to perform, relatively inexpensive, presents significantly less
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risk to patients, is less morbid, and is easily repeatable over time (Harouaka

et al., 2014).



