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5.  Methodology tip – circulating tumor cells as a biomarker
Tumor cells circulating in the bloodstream can be used as a measure of solid tumors pres-
ent in specific organs, and as a prognostic tool for survival to that solid tumor. It has been 
reported that all types of solid tumors give rise to circulating tumor cells, and that in all 
types of solid tumors, some of these find residence in the bone marrow (61). Once resid-
ing in the bone marrow, these cells may persist over many years and eventually disseminate 
into other organs. Hence, studies using tumor cells as a biomarker use PBMCs as well as 
bone marrow as the source of cells. Circulating tumor cells can be measured directly, using 
an immunoassay that employs antibodies and a microscope, or indirectly, using PBMCs 
with detection of tumor cells by a PCR-based method (62). PBMCs, used as a source of 
unpurified lymphocytes by immunologists, also contain circulating tumor cells.

A number of studies of colorectal cancer, for example, have used the polymerase 
chain reaction (PCR) for measuring the number of tumor cells present in the bulk of 
unpurified peripheral blood mononuclear cells (PBMCs). Iinuma et al. (63) used PCR 
for quantifying tumor cells, where the target genes were carcinoembronic antigen 
(CEA) and cytokeratin 20 (CK20). In a careful methodological study, these authors 
found a difference in circulating tumor cell counts, when comparing normal control 
subjects with cancer patients. Iinuma et al. (64) report a detection limit of one tumor 
cell in 3 million PBMCs.

6.  Cytokeratin as a soluble protein biomarker for colon cancer – the Koelink study
The following study concerned the tumor antigen cytokeratin. The type of cytokeratin 
that was measured was CK18-Asp396, a degradation product of cytokeratin-18.

Koelink et al. (65) demonstrated that soluble cytokeratin is elevated in the blood 
plasma of patients with colon cancer and that elevated cytokeratin is correlated with 
reduced survival. Outcome was according to the endpoint of disease-free survival 
(DFS). In this study, patients were divided into two groups, namely, those with cyto-
keratin greater than the median plasma concentration (for the group of patients), and  
those with cytokeratin lower than the median concentration (for the group of patients). 
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