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The utility of EpCAM in enumerating Circulating Tumor Cells
In liquid biopsy, how you identify your target of interest is as important as the target selection itself. While there are 
many ways of potentially identifying Circulating Tumor Cells (CTCs), EpCAM has been shown to be one of the most 
reliable and clinically relevant biomarkers for epithelial origin tumors, as the presence of EpCAM+ CTCs is always 
correlated with the clinical outcome1.

What is EpCAM and Why Does it Matter?
Epithelial Cell Adhesion Molecule, or EpCAM, is a 
transmembrane glycoprotein that is expressed only 
in epithelial cells. While it plays a role in intercellular 
adhesion, recent studies indicate that it may better be 
described as the Epithelial Cell Activation Molecule, 
based on its role in cell signaling, proliferation, 
migration, and differentiation. In tumor cells, EpCAM 
signaling promotes PD-L1 stabilization, in turn 
decreasing immune surveillance, furthering tumor 
progression and metastasis, and driving Epithelial to 
Mesenchymal Transition (EMT). As a result of EMT, cells 
leave the primary tumor site and enter circulation as 
CTCs or CTC Clusters which can seed new metastatic 
sites.   

Previously, it was believed that as tumor cells underwent 
EMT, expression of EpCAM would shift as well, 
decreasing to zero as epithelial cells transitioned to 
mesenchymal cells. However, recent studies indicate 
that EpCAM expression may not be lost completely 
during EMT. In fact, CTCs undergoing partial EMT 
increase their survival fitness by expressing both 
epithelial markers (like EpCAM and E-cadherin) and 
mesenchymal markers (like Vimentin and N-cadherin) 
(Fig 1). Current understanding of EMT thus indicates that 
CTCs that are considered metastasis-competent may 
exist anywhere on the EMT-MET spectrum, and can be 
detected using sensitive EpCAM+ selection such as the 
CELLSEARCH® platform.
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Fig 1. A new emerging paradigm for gene expression in CTCs. Gene expression of 
epithelial cells during the transition to mesenchymal cells is now understood to be a 
gradient of high to low expression. Genes shown here are a small sample and not a 
complete list of canonical markers.
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To determine the range of EpCAM+ detectable cells along 
the EMT spectrum, various studies have been performed 
using the CELLSEARCH® platform’s fourth channel, which 
remains available in all kits, including the CTC kit, for your 
biomarker of interest. In one internal study, researchers used 
an antibody for β-catenin, which plays an important role in 
inducing EMT and serves as an effective biomarker for cells 
undergoing the transition process. The study confirmed that 
the EpCAM+ CTCs enriched by CELLSEARCH® includes 
cells undergoing EMT, in addition to traditional epithelial 
cells (Fig 2). Other research has successfully used the open 
channel to confirm the presence of EpCAM+ CTCs that also 
express Vimentin, a well-characterized biomarker for tumor 
proliferation and EMT3.
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EpCAM+ CTCs in Patient Monitoring
Used alongside traditional patient monitoring methods, such as imaging and molecular testing, Circulating Tumor 
Cells (CTCs) as measured by CELLSEARCH® CTC for metastatic breast, prostate, and colorectal cancer have 
been found to be an independent predictor of overall and progression-free survival. Additionally, over the course 
of treatment, patients whose CTCs remain below an established cut-off, or drop below the cut-off, have a more 
favorable prognosis than patients whose CTCs remain above the cut-off, or rise above the cut-off throughout 
treatment, helping physicians make more informed patient care decisions. 

CELLSEARCH® is the first and only FDA cleared technology for the enumeration of Circulating Tumor Cells in 
metastatic breast, prostate, and colorectal cancers, with more than 650 peer reviewed publications.

All other applications of the CTC kit are for Research Use Only



Despite the wide breadth of studies that have been done on EpCAM, its biology and role are still not completely 
understood. Clinical studies have demonstrated, however, that the number of EpCAM+ CTCs in a patient’s 
peripheral blood is associated with prognosis. In fact, EpCAM overexpression is frequently seen in patient 
tumor samples for several cancers, including breast, prostate, and colon cancers, in each case correlating with 
poorer prognosis. Ultimately, despite the plethora of CTC markers available to researchers, EpCAM-based CTC 
detection technologies still offer the most practical solution for identification and enumeration for most cancer 
types, including many cells along the EMT/MET spectrum.

Fig 2. CELLSEARCH® 
CTC test detects CTCs 
undergoing EMT. EpCAM 
capture of Circulating 
Tumor Cells using the 
CELLSEARCH® CTC test 
(EpCAM+, CK+, CD45) also 
identifies and enriches CTCs 
undergoing EMT, as shown 
using a β-catenin marker on 
the fourth channel.  

Are EpCAMlow and EpCAM- Cells Clinically Relevant?
One of the most interesting challenges in using EpCAM for CTC identification is how to deal with EpCAMlow 
cells—that is, circulating tumor cells that express low levels of EpCAM. It’s important to realize that EpCAM 
expression already varies depending on cancer type and local microenvironment. For instance, comparison 
data looking at several common tumor cell lines for breast, colon, and prostate cancer, as well as CTCs, shows 
that EpCAM expression is approximately 10-fold lower on CTCs as compared to primary and metastatic tissues5.

The larger question is whether EpCAM-dependent CTC detection is adequate for patient monitoring. After all, 
in breast cancer, CTCs can only be detected in approximately 60% of metastatic breast cancer patients, which 
indicates the possibility of EpCAM- or undetectable EpCAMlow cells, even though patients with zero CTCs tend 
to have better progression-free and overall survival.

To address this, three studies were carried out using the CELLSEARCH® to determine how many EpCAM- 
and EpCAMlow CTCs were discarded during immunomagnetic isolation, and more importantly, whether their 
presence was associated with clinical outcome. The first looked at patients with metastatic lung cancer, the 
second involved patients with advanced non-small-cell lung cancer, while the third was a multicenter study 
examining patients with either metastatic castration-resistant prostate cancer or breast cancer. 
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the Roles of Pro-Metastatic EpCAM in Cancer. Biomolecules. 2020 Feb; 10(2): 255. 7. EpCAMlow Circulating Tumor Cells: Gold in the Waste. Dis Markers. 2019; 2019: 1718920.
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Studying EpCAM- CTC’s
In a 2015 study by de Wit et al, reasearchers collected peripheral whole blood from patients with 
metastatic lung cancer. After immunomagnetic depletion for EpCAMhigh cells using CELLSEARCH® CTC 
anti-EPCAM ferrofluid, the discarded blood was collected, filtered, and analyzed by immunofluorescence 
staining for pan-cytokeratin (CK) and CD45 EpCAMlow

  cells were identified as CK+ and CD45-

The researchers did not find a significant relation between the presence of EpCAM-, pan-CK CTCs and 
overall survival. They also determined there was no relation between overall survival and all classes of 
CTC detected.
de Wit, S., et al. The detection of EpCAM+ and EpCAM– circulating tumor cells. Sci Rep 5, 12270 (2015). https://doi.org/10.1038/srep1227

Summary
While there are many challenges involved in identifying and enumerating circulating tumor cells, specific 
and sensitive EpCAM enrichment has been shown to be the most complete and efficient. CTCs likely exist 
somewhere along the EMT/MET spectrum, expressing variable amounts of EpCAM that can be effectively 
enriched by clinically validated technology like CELLSEARCH®. Alternative technologies, such as label-free 
enrichment, tend to be size-based, which miss small CTCs whose clinical relevance has not been established 
yet. CTC enumeration using CELLSEARCH® technology has been clinically shown to be the gold standard, both 
in clinical and research settings. For more information on the CELLSEARCH® CTC test, as well as to read clinical 
studies using the platform, please visit www.cellsearchctc.com.
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In all three cases, the overall number of CTCs increased when including all CTC subpopulations, but in every 
instance, there was no correlation between the presence of EpCAMlow /- CTCs and poor overall survival (OS). 
Instead, the studies showed that a significant difference in OS was observed in the presence of patients with 
≥5 EpCAMhigh CTC, but not for patients with ≥5 EpCAMlow CTC, indicating that a correlation with overall survival 
may be attributed solely to EpCAMhigh CTCs .
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